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ZLWK�RWKHU�PDWHULDOV�DQG�IRUHLJQ�FRPSHWLWRUV�
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ZKLFK�DERXW�KDOI�ZHUH�FRQVLGHUHG�WR�EH�SULRULW\���7KHVH�UHVHDUFK�LGHDV�ZHUH�DQDO\]HG�WR
GHWHUPLQH�WKH�WLPH�IUDPH�LQ�ZKLFK�HDFK�UHVHDUFK�DFWLYLW\�LV�H[SHFWHG�WR�KDYH�DQ�LPSDFW�LQ�D
FRPPHUFLDO�DSSOLFDWLRQ�RU�SURGXFW���5HVHDUFK�DFWLYLWLHV�ZHUH�DVVLJQHG�WR�GHILQHG�WLPH�IUDPHV�
QHDU������\HDUV���PLG�������\HDUV���DQG�ORQJ��EH\RQG����\HDUV����,Q�DGGLWLRQ��VRPH�UHVHDUFK�LV
H[SHFWHG�WR�FRQWLQXH�RYHU�DOO�WLPH�SHULRGV�DQG�SURGXFH�YDOXDEOH�UHVXOWV�LQ�HDFK���([KLELW����
OLVWV�VHOHFWHG�KLJK�SULRULW\�UHVHDUFK�QHHGV�RUJDQL]HG�E\�WLPH�IUDPH�

3DUWLFLSDQWV�DOVR�FRQGXFWHG�DQ�DQDO\VLV�RI�WKH�H[SHFWHG�FRPPHUFLDO�SD\RII�DQG�ULVN�DVVRFLDWHG
ZLWK�HDFK�UHVHDUFK�DFWLYLW\���5LVN�ZDV�GHILQHG�DV�WKH�SUREDELOLW\�WKDW�WKH�UHVHDUFK�ZRXOG�QRW
UHVXOW�LQ�D�VXFFHVVIXO�RXWFRPH��DQG�SD\RII�ZDV�LQWHUSUHWHG�DV�EHLQJ�D�PHDVXUH�RI�FRPPHUFLDO
SURILWDELOLW\�DQG�RU�LQFUHDVHG�JODVV�VKLSPHQWV���3DUWLFLSDQWV�SUHVHQWHG�WKHLU�UHVXOWV�LQ�DQ�RSHQ
IRUXP��ZKLFK�KHOSHG�WR�LGHQWLI\�D�QXPEHU�RI�FRPPRQDOLWLHV�LQ�UHVHDUFK�QHHGV�DFURVV�WKH
LQGLYLGXDO�JURXSV���7KH�UHVXOWV�RI�WKHVH�HIIRUWV�DUH�GHVFULEHG�LQ�WKLV�UHSRUW���7RJHWKHU�ZLWK�WKH
ZRUN�GRQH�E\�IRXU�LQGXVWU\�VXEFRPPLWWHHV��WKHVH�UHVXOWV�ZLOO�KHOS�WR�VKDSH�D�FRPSUHKHQVLYH
WHFKQRORJ\�VWUDWHJ\�IRU�LPSOHPHQWLQJ�JODVV�LQGXVWU\�JRDOV���,Q�FORVLQJ�UHPDUNV��PDQ\
SDUWLFLSDQWV�H[SUHVVHG�FRQFHUQ�WKDW�WKH�PRPHQWXP�RI�WKH�ZRUNVKRS�QRW�EH�ORVW�EXW�EH�XVHG�WR
PRYH�IRUZDUG�ZLWK�WKH�GHYHORSPHQW�RI�D�WHFKQRORJ\�URDGPDS�DQG�WKH�SXUVXLW�RI�PXWXDOO\
EHQHILFLDO�FROODERUDWLYH�UHVHDUFK�RSSRUWXQLWLHV�
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([KLELW�������6HOHFWHG�+LJK�3ULRULW\�5HVHDUFK�1HHGV�IRU�WKH�*ODVV�,QGXVWU\

Time Production Protection and Innovative Uses
Frame Efficiency Ener gy Efficiency Recyclin g for Glass
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& 3URGXFH�FRXSOHG & (VWDEOLVK�WHVW�IDFLOLW\�IRU & 'HYHORS�DQG
PRGHOV�WKDW�VLPXODWH PRGHO�YHULILFDWLRQ HYDOXDWH�UHIUDFWRULHV
FRPEXVWLRQ�VSDFH IRU�PHOWLQJ�V\VWHPV
DQG�WKH�JODVV�PHOW
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& 'HYHORS�LQWHOOLJHQW & %DVLF�PDWHULDOV�UHVHDUFK�IRU & 'HYHORS�SUHGLFWLYH & &RQGXFW�UHVHDUFK�WR
FRQWURO�RI�SURGXFWLRQ KHDW�UHFRYHU\�DSSOLFDWLRQV HPLVVLRQ�PRGHOLQJ LQFUHDVH
DQG�IDEULFDWLRQ WRROV XQGHUVWDQGLQJ�
SURFHVVHV PRGHO�VXUIDFH

& 'HYHORS�LQWHJUDWHG HIIHFWLYH�VHSDUDWLRQ VXUIDFH�LQWHUDFWLRQV�
SURFHVV�FRQWURO DQG�VRUWLQJ VXUIDFH�FKHPLVWU\�
VWUDWHJLHV WHFKQLTXHV�IRU�SRVW� DQG�UHDFWLRQV�DW�WKH

& 'HYHORS�FRVW� PRGLILFDWLRQV�

FRQVXPHU�JODVV JODVV�LQWHUIDFH

& 'HYHORS�GXUDEOH� & ([SORUH�XVH�RI
KLJK�WHPSHUDWXUH PLFURZDYHV�DQG
VHQVRUV�IRU�IORZ XOWUDVRQLF�ZDYHV�IRU
WHPSHUDWXUH��DQG FRQWURO�RI�JODVV
JDV�FRPSRVLWLRQ VKDSH�DQG�RWKHU

& 'HYHORS�LQWHJUDWHG
FRQWURO�V\VWHPV�WR
OLQN�SURGXFWLRQ
ZLWK�HPLVVLRQV

& 'HYHORS�PRUH
HIILFLHQW��ORZHU�FRVW
R[\JHQ�SURGXFWLRQ

SURFHVV�SDUDPHWHUV
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& 'HYHORS�ORQJHU� & ([SORUH�QHZ�DOWHUQDWLYH & 'HYHORS�QHZ & $FKLHYH
ODVWLQJ�QRQ�UHIUDFWRU\ JODVVPDNLQJ�WHFKQRORJLHV KHDWLQJ�PHFKDQLVPV JODVVPDNLQJ�SURFHVV
PDWHULDOV � DOWHUQDWLYH�PHOWLQJ WR�HFRQRPLFDOO\ LQWHJUDWLRQ�WKURXJK

PHWKRGV PHOW�JODVV�ZLWKRXW PRGHOV��VHQVRUV�
� QHZ��ODUJH�YROXPH QR[LRXV�HPLVVLRQV DQG�IHHGEDFN�ORRSV
SURFHVVHV

� UHYROXWLRQDU\�VPDOO�
VFDOH�JODVVPDNLQJ
SURFHVVHV

& 'HVLJQ�DQG�GHYHORS�QRQ�
WUDGLWLRQDO�UHILQLQJ
WHFKQLTXHV
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) & 'HWHUPLQH�FRUURVLRQ & 'HYHORS�DFFXUDWH� & 'HYHORS�PRUH

PHFKDQLVPV�RI YDOLGDWHG�PHOWHU�PRGHOV HIIHFWLYH�VHQVRUV�IRU
UHIUDFWRU\ WKDW�LQFOXGH�EDWFK�PHOWLQJ� PHDVXUHPHQW�DQG
FRPSRVLWLRQ FRPEXVWLRQ��DQG�JODVV FRQWURO�RI

& ,PSURYH�KRW�JODVV YLVFRVLW\��UHGR[
FRQWDFW�PDWHULDOV & &RQGXFW�UHVHDUFK�WR UHDFWLRQV��JDV
�H�J���PROGV�DQG�UROOV� LPSURYH�UHIUDFWRULHV YHORFLW\��DQG

IORZV WHPSHUDWXUH�

FRORUDQWV
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� 3OHQDU\�6HVVLRQ
,QWURGXFWLRQ

*ODVV�LV�DQ�LQWHJUDO�SDUW�RI�WKH�$PHULFDQ�HFRQRP\�DQG�HYHU\GD\�OLIH���,W�LV�HVVHQWLDO�IRU�IRRG�DQG
EHYHUDJH�SDFNDJLQJ��IRU�OLJKWLQJ�KRPHV�DQG�EXVLQHVVHV��IRU�FRPPXQLFDWLQJ�VRXQGV�DQG�YLVXDO
VLJQDOV��DQG�IRU�WKH�FRQVWUXFWLRQ�RI�DOO�W\SHV�RI�EXLOGLQJV��IURP�KRVSLWDOV�WR�KLJK�ULVHV���*ODVV�LV
XVHG�IRU�D�P\ULDG�RI�FRQVXPHU�SURGXFWV�UDQJLQJ�IURP�RUGLQDU\�FRRNZDUH�WR�WHOHYLVLRQV��DQG�LV
DQ�HVVHQWLDO�FRPSRQHQW�LQ�DXWRPRELOHV�DQG�WUXFNV���+RZHYHU��JODVVPDNLQJ�LV�DOVR�YHU\�HQHUJ\�
LQWHQVLYH�DQG�WKH�LQGXVWU\�KDV�PDGH�JUHDW�SURJUHVV�LQ�UHGXFLQJ�WKH�HQYLURQPHQWDO
FRQVHTXHQFHV�RI�IXHO�FRPEXVWLRQ�LQ�JODVV�IXUQDFHV���)RU�H[DPSOH��WKH�LQWURGXFWLRQ�RI�R[\�IXHO
ILULQJ��LQ�ZKLFK�IXHO�LV�EXUQHG�LQ�D�SXUH�R[\JHQ�HQYLURQPHQW��KDV�UHGXFHG�HPLVVLRQV�RI
JUHHQKRXVH�JDVHV�DQG�FULWLFDO�DLU�SROOXWDQWV�VXFK�DV�12 �E\�DV�PXFK�DV����SHUFHQW�RU�PRUH[

XVLQJ�WKLV�WHFKQRORJ\�

7KH�XQLTXH�DWWULEXWHV�RI�JODVV��WUDQVSDUHQF\��FKHPLFDO�GXUDELOLW\��RSWLFDO�SURSHUWLHV��ORZ�FRVW�
WRWDO�UHF\FODELOLW\��DQG�WKH�DEXQGDQFH�RI�UDZ�PDWHULDOV�IURP�ZKLFK�LW�LV�PDGH�DFFRXQW�IRU�WKH
XELTXLW\�RI�JODVV�SURGXFWV�LQ�RXU�VRFLHW\�DQG�HQVXUH�LWV�FRQWLQXHG�VXFFHVV���%XW�ZKLOH�PDUNHW
RSSRUWXQLWLHV�DUH�H[SDQGLQJ��JODVV�PXVW�LQFUHDVLQJO\�FRPSHWH�ZLWK�YDULRXV�PDWHULDOV��H�J��
SODVWLFV��DOXPLQXP��WKDW�PD\�RIIHU�ORZHU�FRVW��OLJKWHU�ZHLJKW��KLJKHU�VWUHQJWK��RU�RWKHU
FRPSHWLWLYH�DGYDQWDJHV���,Q�WKH�IXWXUH��JODVV�FRPSDQLHV�PXVW�EH�DEOH�WR�SURYLGH�VXSHULRU
SURGXFWV�ZLWK�XQLTXH�SURSHUWLHV�WKDW�PDNH�WKHP�PRUH�GHVLUDEOH�WKDQ�SURGXFWV�PDGH�IURP
RWKHU�PDWHULDOV���7KHVH�QHZ�JODVV�SURGXFWV�ZLOO�UHTXLUH�WKH�GHYHORSPHQW�RI�QRYHO�SURFHVV
WHFKQRORJLHV�WKDW�UHGXFH�SURGXFWLRQ�FRVWV�DQG�HQKDQFH�GHVLUDEOH�FKDUDFWHULVWLFV���,QQRYDWLRQV�LQ
JODVV�FRPSRVLWLRQ�DQG�JODVV�SURSHUWLHV�ZLOO�EH�QHHGHG�WR�VXSSRUW�WKH�H[SDQVLRQ�RI�JODVV�LQWR
FRPSOHWHO\�QHZ�PDUNHWV�

7KH�JODVV�LQGXVWU\�YLVLRQ��*ODVV��$�&OHDU�9LVLRQ�IRU�D�%ULJKW�)XWXUH��UHFRJQL]HV�WKH�LPSRUWDQFH�RI
SDVW�WHFKQRORJLFDO�DFKLHYHPHQWV�DQG�WKH�SRWHQWLDO�RI�IXWXUH�WHFKQRORJLFDO�DGYDQFHV�WR
DFFRPSOLVK�D�YDULHW\�RI�JODVV�LQGXVWU\�JRDOV���7KHVH�JRDOV��OLVWHG�LQ�([KLELW������ZLOO�EH
LQVWUXPHQWDO�LQ�JXLGLQJ�JODVV�WHFKQRORJ\�SULRULWLHV�DPRQJ�JODVV�PDQXIDFWXUHUV��JRYHUQPHQW
WHFKQRORJ\�SURJUDPV��DQG�UHVHDUFK�SHUIRUPHUV�ZLWKLQ�XQLYHUVLWLHV�DQG�QDWLRQDO�ODERUDWRULHV�

)ROORZLQJ�SXEOLFDWLRQ�RI�WKH�JODVV�YLVLRQ��IRXU�LQGXVWU\�VXEFRPPLWWHHV�ZHUH�IRUPHG�ZLWK
SDUWLFLSDQWV�IURP�YDULRXV�VHJPHQWV�RI�WKH�JODVV�LQGXVWU\�WR�EHJLQ�GHYHORSLQJ�D�WHFKQRORJ\
URDGPDS���:KHQ�FRPSOHWH��WKH�URDGPDS�ZLOO�SURYLGH�D�FRPSUHKHQVLYH�EOXHSULQW�RI�WKH�UHVHDUFK
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([KLELW�������*ODVV�,QGXVWU\�*RDOV

Glass Industry Goals from
Glass: A Clear Vision for a Bri ght Future

�� 5HGXFH�SURGXFWLRQ�FRVWV�E\�DW�OHDVW�����EHORZ������OHYHOV
�� 5HF\FOH������RI�DOO�JODVV�SURGXFWV�LQ�WKH�PDQXIDFWXULQJ

SURFHVV��ZKHUH�FRQVXPSWLRQ�LV�JUHDWHU�WKDQ���OE�FDSLWD
�� 5HGXFH�SURFHVV�HQHUJ\�XVH�IURP�SUHVHQW�IDFLOLW\�OHYHOV�E\����

WRZDUG�WKHRUHWLFDO�HQHUJ\�XVH�OLPLWV
�� 5HGXFH�DLU�DQG�ZDWHU�HPLVVLRQV�E\�D�PLQLPXP�RI����

WKURXJK�HQYLURQPHQWDOO\�VRXQG�SUDFWLFHV
�� 5HFRYHU��UHF\FOH��DQG�PLQLPL]H������RI�DYDLODEOH�SRVW�

FRQVXPHU�JODVV
�� $FKLHYH���VLJPD�TXDOLW\�FRQWURO�WKURXJK�DXWRPDWLRQ��SURFHVV

FRQWURO��RSWLPL]HG�JODVV�FRPSRVLWLRQ�VWUHQJWK��DQG�FRPSXWHU
VLPXODWLRQ

�� &UHDWH�LQQRYDWLYH�SURGXFWV�WKDW�EURDGHQ�WKH�PDUNHWSODFH
�� ,QFUHDVH�VXSSOLHU�DQG�FXVWRPHU�SDUWQHUVKLSV�LQ�UDZ

PDWHULDOV��HTXLSPHQW��DQG�HQHUJ\�LPSURYHPHQWV

WKDW�LV�QHFHVVDU\�WR�DFKLHYH�WKH
PDUNHW��EXVLQHVV��DQG
WHFKQRORJ\�JRDOV�LGHQWLILHG�LQ
WKH�JODVV�YLVLRQ���7KH
VXEFRPPLWWHHV�DGGUHVVHG�HDFK
RI�WKH�FULWLFDO�UHVHDUFK�DUHDV
RXWOLQHG�LQ�WKH�YLVLRQ�

� 3URGXFWLRQ�(IILFLHQF\�
� (QHUJ\�(IILFLHQF\�
� (QYLURQPHQWDO�3URWHFWLRQ

DQG�5HF\FOLQJ��DQG
� ,QQRYDWLYH�8VHV�IRU�*ODVV�

7KH�*ODVV�7HFKQRORJ\�5RDGPDS
:RUNVKRS�GHVFULEHG�LQ�WKLV
GRFXPHQW�LV�DQ�LPSRUWDQW�VWHS
LQ�FRPSOHWLQJ�WKH�URDGPDS��
7KH�ZRUNVKRS�SURYLGHG�DQ
RSSRUWXQLW\�WR�YHULI\�DQG
YDOLGDWH�WKH�LQLWLDO�ILQGLQJV�RI
WKH�VXEFRPPLWWHHV�DQG�JDLQ�DGGLWLRQDO�LQSXW�DQG�LQVLJKW�E\�H[SDQGLQJ�SDUWLFLSDWLRQ�WR�LQFOXGH
D�EURDGHU�FURVV�VHFWLRQ�RI�JODVV�SURGXFHUV��UHVHDUFK�SHUIRUPHUV��DQG�LQGXVWU\�H[SHUWV��VHH
$SSHQGL[�$�IRU�WKH�SDUWLFLSDQW�OLVW����7KH��Ù�GD\�PHHWLQJ�LQFOXGHG�D�SOHQDU\�VHVVLRQ��IRXU
SDUDOOHO�EUHDNRXW�VHVVLRQV��DQG�D�VXPPDU\�VHVVLRQ��VHH�$SSHQGL[�%�IRU�WKH�ZRUNVKRS�DJHQGD���
7KH�SOHQDU\�VHVVLRQ�SURYLGHG�DQ�RSSRUWXQLW\�IRU�HDFK�VXEFRPPLWWHH�FKDLU�DQG�WKH�'2(�JODVV
SURJUDP�PDQDJHU�WR�VXPPDUL]H�WKHLU�DFWLYLWLHV�WR�GDWH���6XEFRPPLWWHH�FKDLUV�GLVFXVVHG�WKH
UHVXOWV�RI�SUHYLRXV�PHHWLQJV�DQG�WKHLU�LQLWLDO�VHW�RI�UHVHDUFK�SULRULWLHV�WKDW�ZHUH�GHYHORSHG�LQ
0DUFK������EDVHG�RQ�WKH�JODVV�YLVLRQ���7KHVH�SULRULWLHV�DUH�VXPPDUL]HG�LQ�$SSHQGL[�&�

3URGXFWLRQ�(IILFLHQF\�2YHUYLHZ��0U��9LQFHQW�+HQU\��)RUG�0RWRU�&RPSDQ\��&KDLU�

1HZ�UHVHDUFK�DQG�GHYHORSPHQW�LQ�SURGXFWLRQ�HIILFLHQF\�LV�HVVHQWLDO�WR�EXVLQHVV�JURZWK�DQG
VXUYLYDO�DQG�ZLOO�KHOS�WKH�LQGXVWU\�EH�PRUH�FRPSHWLWLYH�DQG�HIILFLHQW���7KH�6XEFRPPLWWHH�RQ
3URGXFWLRQ�(IILFLHQF\�LV�IRFXVHG�RQ�LPSURYLQJ�WKH�HIILFLHQF\�RI�JODVV�SURGXFWLRQ��LQFOXGLQJ
LPSURYHG�PDQXIDFWXULQJ�SURFHVVHV�DQG�QHZ�WHFKQLTXHV�WKDW�PD[LPL]H�JODVV�VWUHQJWK�DQG
TXDOLW\���7KH�REMHFWLYH�RI�WKH�VXEFRPPLWWHH�LV�WR�§SURGXFH�PRUH�TXDOLW\�JODVV�SURGXFWV�LQ�D�WLPHO\
PDQQHU�DW�ORZHU�FRVWV��ZLWKRXW�DGYHUVHO\�LPSDFWLQJ�HQYLURQPHQWDO�HPLVVLRQV¨���6XEFRPPLWWHH
PHPEHUVKLS�LV�ODUJH�DQG�GLYHUVH���,WV����PHPEHUV�LQFOXGH�UHSUHVHQWDWLYHV�IURP�HYHU\�VHJPHQW
RI�WKH�JODVV�LQGXVWU\��WKH�QDWLRQDO�ODERUDWRULHV��DQG�'2(�

7KH�6XEFRPPLWWHH�KDV�PHW�IRXU�WLPHV�WR�VHW�SULRULWLHV�IRU�D�FRPSUHKHQVLYH�UHVHDUFK�SRUWIROLR��
6HYHUDO�FRPPRQ�DUHDV�KDYH�EHHQ�LGHQWLILHG�WKDW�FRXOG�OHDG�WR�LQFUHDVHG�SURGXFWLRQ�HIILFLHQF\��
$�VXUYH\�IRUP�ZDV�FLUFXODWHG�WR�VXEFRPPLWWHH�PHPEHUV�WR�IXUWKHU�FODULI\�UHVHDUFK�SULRULWLHV��
7KLV�VXUYH\�UHYHDOHG�VSHFLILF�DUHDV�RI�LQWHUHVW�ZLWKLQ�PDMRU�UHVHDUFK�DUHDV���7KH�ZRUNVKRS�LV
VHHQ�DV�DQ�RSSRUWXQLW\�WR�LQFOXGH�WKH�YLHZV�RI�DGGLWLRQDO�VWDNHKROGHUV�IURP�DOO�VHJPHQWV�RI�WKH
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JODVV�LQGXVWU\���2QFH�UHVHDUFK�SULRULWLHV�DUH�VHW��WKH�3URGXFWLRQ�(IILFLHQF\�6XEFRPPLWWHH�KRSHV
WR�EXLOG�D�FRDOLWLRQ�RI�LQGXVWU\��DFDGHPLD��DQG�JRYHUQPHQW�DJHQFLHV�WR�DFFRPSOLVK�WKH�UHVHDUFK
DJHQGD���0U��+HQU\ªV�SUHVHQWDWLRQ�LV�LQFOXGHG�LQ�$SSHQGL[�'�

(QHUJ\�(IILFLHQF\�2YHUYLHZ��'U��-DPHV�6KHOO��7HFKQHJODV��,QF���&KDLU�

7KH�IRFXV�RI�WKH�(QHUJ\�(IILFLHQF\�6XEFRPPLWWHH�LV�WR�LGHQWLI\�DQG�SXUVXH�WHFKQRORJ\�UHVHDUFK
WKDW�FDQ�KHOS�UHGXFH�WKH�JDS�EHWZHHQ�FXUUHQW�SURFHVV�HQHUJ\�XVH�DQG�WKH�WKHRUHWLFDO�PLQLPXP
E\����SHUFHQW���7KH�6XEFRPPLWWHH�FRQVLVWV�RI�QLQH�PHPEHUV�IURP�WKH�JODVV�LQGXVWU\��RQH�IURP�D
QDWLRQDO�ODERUDWRU\��RQH�IURP�WKH�,QVWLWXWH�RI�*DV�7HFKQRORJ\��DQG�D�'2(�UHSUHVHQWDWLYH�

7KH�6XEFRPPLWWHH�KDV�LGHQWLILHG�IRXU�EDVLF�SDWKZD\V�IRU�DFKLHYLQJ�HQHUJ\�HIILFLHQF\�JRDOV��
7KHVH�PD\�EH�VXPPDUL]HG�DV�IROORZV�

& 2SWLPL]LQJ�HOHFWULF�ERRVW�WR�UHGXFH�WRWDO�HQHUJ\�FRQVXPSWLRQ
& ,PSURYLQJ�IXUQDFH�GHVLJQ�DQG�RSHUDWLRQ�WR�PD[LPL]H�FRPEXVWLRQ�HIILFLHQF\
& 5HFRYHULQJ�DQG�UHXVLQJ�ZDVWH�KHDW�IURP�R[\�IXHO�IXUQDFHV
& 3URGXFLQJ�R[\JHQ�PRUH�HIILFLHQWO\�IRU�R[\�IXHO�ILULQJ

7KH�6XEFRPPLWWHH�KDV�LGHQWLILHG�UHVHDUFK�QHHGV�IRU�GLIIHUHQW�W\SHV�RI�IXUQDFHV���$PRQJ�WKH
KLJKHVW�SULRULW\�SURMHFWV�DUH�UHIUDFWRULHV�IRU�FURZQ�DQG�EUHDVWZDOOV�DQG�SK\VLFDO�YDOLGDWLRQ�RI
PDWKHPDWLFDO�PRGHOV�WR�LPSURYH�PRGHOLQJ�FDSDELOLWLHV���'U��6KHOOªV�SUHVHQWDWLRQ�LV�LQFOXGHG�LQ
$SSHQGL[�'�

(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�2YHUYLHZ��0U��.HYLQ�)D\��33*�,QGXVWULHV��&KDLU�

7KH�JRDO�RI�WKH�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�6XEFRPPLWWHH�LV�WR�DFKLHYH�FOHDQHU
RSHUDWLRQV�ZLWK�ORZHU�HQYLURQPHQWDO�FRQWURO�FRVWV�DQG�WR�LQFUHDVH�JODVV�UHF\FOLQJ���7KH
6XEFRPPLWWHH�FRQVLVWV�RI�VL[�PHPEHUV�IURP�WKH�JODVV�LQGXVWU\��RQH�IURP�D�QDWLRQDO�ODERUDWRU\�
DQG�RQH�'2(�UHSUHVHQWDWLYH�

7KH�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�6XEFRPPLWWHH�ZDV�IRUPHG�LQ�PLG������DQG�XVHG
FRQIHUHQFH�FDOOV�WR�EUDLQVWRUP�UHVHDUFK�QHHGV���6XPPDULHV�ZHUH�GHYHORSHG�E\�WKH�IRXU�NH\
JODVV�LQGXVWU\�VHJPHQWV���$�ZRUNVKRS�LQ�2FWREHU������KHOSHG�WR�UHILQH�WKHVH�QHHGV�DQG�D�UHSRUW
RI�WKH�ILQGLQJV�ZDV�SUHVHQWHG�LQ�)HEUXDU\������

7KH�KLJKHVW�RYHUDOO�HQYLURQPHQWDO�SURWHFWLRQ�SULRULW\�LV�WR�GHYHORS�LPSURYHG�R[\�IXHO�ILULQJ
WHFKQRORJ\�DV�D�PHDQV�WR�UHGXFH�DLU�SROOXWDQWV���7KH�PHGLXP�SULRULW\�QHHG�LV�WR�GHYHORS
DOWHUQDWLYH�UDZ�PDWHULDOV�DQG�LPSURYH�EDWFK�SUHSDUDWLRQ�DQG�SUHKHDWLQJ�SURFHVVHV��DV�ZHOO�DV
LPSURYHG�IXUQDFH�GHVLJQV��WR�ORZHU�SDUWLFXODWH�DQG�JDVHRXV�HPLVVLRQV�

,Q�UHF\FOLQJ��WKH�WHDPªV�KLJKHVW�SULRULW\�LV�WR�LPSURYH�VRUWLQJ�DQG�SUHSDUDWLRQ�RI�SRVW�FRQVXPHU
ZDVWHV��ZLWK�VSHFLILF�QHHGV�LQ�DXWRPDWLF�FRORU�VHSDUDWLRQ��UHPRYDO�RI�FRQWDPLQDQWV��DQG
FUHDWLRQ�RI�QHZ�FXOOHW�PDUNHWV���7KH�PHGLXP�SULRULW\�QHHG�LV�WR�VHFXUH�D�PRUH�UHOLDEOH�RXWOHW�IRU
XVHG�UHIUDFWRULHV���0U��)D\ªV�SUHVHQWDWLRQ�LV�LQFOXGHG�LQ�$SSHQGL[�'�



3DJH�� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

,QQRYDWLYH�8VHV�2YHUYLHZ��0U��)UHGHULF�4XDQ��&RUQLQJ��,QF���&KDLU�

7KH�,QQRYDWLYH�8VHV�6XEFRPPLWWHH�LV�GLVWLQFW�IURP�WKH�RWKHU�VXEFRPPLWWHHV�EHFDXVH�LW�IRFXVHV
RQ�QHZ�JODVV�SURGXFWV�UDWKHU�WKDQ�SURFHVV�LPSURYHPHQWV���7KLV�VXEFRPPLWWHH�VHHNV�QHZ
DSSOLFDWLRQV�IRU�JODVV�WKDW�UHIOHFW�D�KLJKHU�WHFKQLFDO�FRQWHQW�DQG�FUHDWH�D�SRVLWLYH�LPSDFW�RQ�WKH
JODVV�LQGXVWU\���7KH�PDMRU�FKDOOHQJH�IRU�WKLV�VXEFRPPLWWHH�LV�WR�GHILQH�DUHDV�RI�SUHFRPSHWLWLYH
UHVHDUFK�WKDW�DUH�DSSURSULDWH�IRU�LQYHVWPHQW���7KH�6XEFRPPLWWHH�LQFOXGHV�VHYHQ�UHSUHVHQWDWLYHV
IURP�WKH�JODVV�LQGXVWU\�DQG�D�'2(�UHSUHVHQWDWLYH�

7KH�JODVV�LQGXVWU\�QHHGV�QHZ�SURGXFWV���7RR�PDQ\�RI�LWV�FXUUHQW�SURGXFWV�DUH�PDWXUH��DQG�D
KLJKHU�PDUJLQ�SURGXFW�PL[�LV�QHHGHG���7UDGLWLRQDOO\��VXSSRUW�IRU�5	'�KDV�EHHQ�OLPLWHG��\HW
LQQRYDWLRQ�LV�QHHGHG���7KH�6XEFRPPLWWHH�KDV�DGRSWHG�D�ZHOO�VWUXFWXUHG�SURFHVV�IRU�LWV
WHFKQRORJ\�URDGPDS�DFWLYLWLHV���,W�LQFOXGHV�LGHQWLI\LQJ�NH\�GULYHUV�WKDW�DIIHFW�SURGXFWV�DQG
SURFHVVHV�DQG�WKH�DSSOLFDWLRQ�RI�FULWHULD�WR�SULRULWL]H�RSSRUWXQLWLHV�EDVHG�RQ�LQGXVWU\�LPSDFW�
WLPH�WR�PDUNHW��DQG�PDUNHW�VL]H���$FFHSWDEOH�SURMHFW�LGHDV�DUH�SULRULWL]HG�EDVHG�RQ�SURILWDELOLW\�
PDUNHW�VL]H��DQG�WHFKQLFDO�ULVN�

7KH�6XEFRPPLWWHH�XVHG�D�EUDLQVWRUPLQJ�VHVVLRQ�DW�WKH�*ODVV�3UREOHPV�&RQIHUHQFH�LQ�2FWREHU
�����WR�GHYHORS�GULYHUV��SURGXFWV��DQG�SURFHVVHV���7KH�6XEFRPPLWWHH�XVHG�WKLV�LQSXW�WR
RUJDQL]H�OLVWV�DQG�GHYHORSHG�D�JHQHUDOL]HG�VFKHGXOH�RI�SURGXFW�WLPLQJ�DQG�PDUNHW�VL]H�IRU�HDFK
SURGXFW���0U��4XDQªV�SUHVHQWDWLRQ�LV�LQFOXGHG�LQ�$SSHQGL[�'�

7KH�'2(�*ODVV�,QGXVWU\�3DUWQHUVKLS

0U��7KHRGRUH�-RKQVRQ��*ODVV�7HDP�/HDGHU�RI�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\ªV�2IILFH�RI
,QGXVWULDO�7HFKQRORJLHV��2,7���VXPPDUL]HG�WKH�H[FHOOHQW�SURJUHVV�WKDW�KDV�EHHQ�PDGH�LQ
EULQJLQJ�WRJHWKHU�WKH�LQWHUHVWV�RI�WKH�8�6��JODVV�LQGXVWU\�DQG�WKH�IHGHUDO�JRYHUQPHQW���7KH
FRPPRQ�JURXQG�SURYLGHV�WKH�EDVLV�IRU�WKH�'2(�LQGXVWU\�SDUWQHUVKLS�WR�WDFNOH�NH\�WHFKQRORJ\
FKDOOHQJHV�DQG�PDNH�WKH�JODVV�LQGXVWU\�PRUH�HIILFLHQW��FOHDQ��DQG�FRPSHWLWLYH��([KLELW��������+H
UHLWHUDWHG�WKH�IRXU�NH\�FKDOOHQJHV�RI�WKH�JODVV�LQGXVWU\�YLVLRQ�DQG�UHYLHZHG�2,7ªV�,QGXVWULHV�RI
WKH�)XWXUH�SURFHVV�

,Q�GHVFULELQJ�WKH�ZRUNVKRS��0U��-RKQVRQ�LPSUHVVHG�XSRQ�WKH�SDUWLFLSDQWV�WKDW�WKH�GLVFXVVLRQV
VKRXOG�QRW�EH�OLPLWHG�MXVW�WR�DUHDV�ZKHUH�WKH�2,7�3URJUDP�FDQ�SDUWLFLSDWH�LQ�5	'���7KH�JODVV
WHFKQRORJ\�URDGPDS�VKRXOG�SURGXFH�D�FRPSUHKHQVLYH�WHFKQRORJ\�SODQ�WKDW�LQFOXGHV�UHVHDUFK
WKDW�FDQ�EH�SXUVXHG�E\�LQGLYLGXDO�FRPSDQLHV��LQGXVWU\�FROODERUDWLRQV��DQG�JRYHUQPHQW�
LQGXVWU\�SDUWQHUVKLSV���7KH�UHVXOWV�RI�WKH�ZRUNVKRS�ZLOO�EH�FRPELQHG�ZLWK�WKH�SUHYLRXV�ZRUN
RI�WKH�VXEFRPPLWWHHV�DQG�VRPH�DGGLWLRQDO�DQDO\VLV�WR�SURGXFH�D�GUDIW�URDGPDS�WKDW�ZLOO�EH
FLUFXODWHG�ZLWKLQ�WKH�LQGXVWU\�IRU�FRPPHQWV���7KH�GUDIW�ZLOO�WKHQ�EH�UHYLVHG�DQG�SXEOLVKHG�
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*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH��

����3URGXFWLRQ�(IILFLHQF\ -DFN�(LVHQKDXHU
����(QHUJ\�(IILFLHQF\ 5LFKDUG�6FKHHU
����(QYLURQPHQWDO�3URWHFWLRQ� 6KDZQD�0F4XHHQ�
��������DQG�5HF\FOLQJ 3DJHW�'RQQHOO\
����,QQRYDWLYH�8VHV -RDQ�3HOOHJULQR

([KLELW�������:RUN�*URXS�)DFLOLWDWRUV

([KLELW�������*ODVV�7HFKQRORJ\�5RDGPDS�3UHVHQWDWLRQ�6XPPDU\

:RUNVKRS�6WUXFWXUH

0U��-DFN�(LVHQKDXHU�RI�(QHUJHWLFV�
,QFRUSRUDWHG�UHYLHZHG�WKH�DJHQGD�DQG
WKH�LQVWUXFWLRQV�IRU�WKH�SDUWLFLSDQWV��
7KH�ZRUNVKRS�FRQVLVWHG�RI�D�SOHQDU\
VHVVLRQ��EUHDNRXW�ZRUN�VHVVLRQV��DQG�D
VXPPDU\�VHVVLRQ���7KH�FRUH�RI�WKH
ZRUNVKRS�ZDV�D�JURXS�RI�IRXU�SDUDOOHO
EUHDNRXW�VHVVLRQV¦RQH�IRU�HDFK
VXEFRPPLWWHH�DUHD¦WKDW�ZHUH
SURIHVVLRQDOO\�IDFLOLWDWHG�E\�(QHUJHWLFV�VWDII��([KLELW��������7KH�ZRUNVKRS�SURFHVV�ZDV�UHYLHZHG�
LQFOXGLQJ�WKH�SXUSRVH��VFRSH��DQG�VWUXFWXUH�IRU�WKH�VHVVLRQV��([KLELW������



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������:RUNVKRS�)RUPDW�DQG�3URFHVV

3XUSRVH

7KLV�ZRUNVKRS�ZDV�SDUW�RI�DQ�HIIRUW�E\�WKH�JODVV�LQGXVWU\�WR�GHYHORS�D�WHFKQRORJ\�URDGPDS�IRU�DFKLHYLQJ
LGHQWLILHG�PDUNHW��LQGXVWU\��DQG�WHFKQRORJ\�JRDOV���7KH�SXUSRVH�RI�WKH�ZRUNVKRS�ZDV�WR

& GHILQH�JODVV�LQGXVWU\�SHUIRUPDQFH�WDUJHWV�
& LGHQWLI\�FULWLFDO�WHFKQRORJ\�EDUULHUV�IDFLQJ�WKH�JODVV�LQGXVWU\�
& LGHQWLI\�QHDU���PLG���DQG�ORQJ�WHUP�UHVHDUFK�QHHGV�IRU�RYHUFRPLQJ�EDUULHUV�
& LQGLFDWH�WKH�UHODWLYH�SULRULW\�RI�UHVHDUFK�RSSRUWXQLWLHV�

7KH�UHVXOWV�RI�WKH�ZRUNVKRS�ZLOO�EH�XVHG�GLUHFWO\�LQ�WKH�GHYHORSPHQW�RI�WKH�*ODVV�7HFKQRORJ\�5RDGPDS���:KHQ
FRPSOHWHG��WKLV�5RDGPDS�ZLOO�SURYLGH�D�FRPSOHWH�SLFWXUH�RI�WKH�QHDU���PLG��DQG�ORQJ�WHUP�UHVHDUFK�QHHGV�RI�WKH
JODVV�LQGXVWU\�

)RUPDW�DQG�6FRSH

7KH�ZRUNVKRS�ZDV�D��Ù�GD\�IDFLOLWDWHG�PHHWLQJ�WKDW�EURXJKW�WRJHWKHU�WHFKQLFDO�H[SHUWV�IURP�WKH�JODVV�LQGXVWU\
DQG�UHODWHG�RUJDQL]DWLRQV�WR�LGHQWLI\�UHVHDUFK�QHHGV�DQG�SULRULWLHV�WKURXJK�DQ�LQWHUDFWLYH�GLVFXVVLRQ���7KH
ZRUNVKRS�FRYHUHG�WKH�IXOO�VSHFWUXP�RI�UHVHDUFK�QHHGV�DQG�RSSRUWXQLWLHV�RI�WKH�JODVV�LQGXVWU\�

& 7KH�VFRSH�RI�WKLV�ZRUNVKRS�ZDV�OLPLWHG�WR�H[SORULQJ�WHFKQRORJ\�EDVHG�VROXWLRQV�
& 3DUWLFLSDQWV�FRQVLGHUHG�UHVHDUFK�WKDW�DGGUHVVHV�QHDU�������\HDUV���PLG��������\HDUV���DQG�ORQJ�WHUP��EH\RQG���

\HDUV��LQGXVWU\�QHHGV�
& 7KH�ZRUNVKRS�GLG�QRW�UHVXOW�LQ�DQ\�GHFLVLRQV�WR�IXQG�VSHFLILF�5	'�SURMHFWV���,QVWHDG��LW�SURGXFHG�VHWV�RI�5	'

RSWLRQV�EDVHG�RQ�MXGJHPHQWV�RI�WHFKQLFDO�DQG�PDUNHW�QHHGV�

:RUNVKRS�6WUXFWXUH

7KH�ZRUNVKRS�ZDV�D�SURGXFW�RULHQWHG�PHHWLQJ�LQ�ZKLFK�SDUWLFLSDQWV�KDG�DFWLYH�UROHV���7KH�ZRUNVKRS�FRQVLVWHG�RI
WKUHH�VHSDUDWH�VHVVLRQV�VSUHDG�RYHU��Ù�GD\V���(DFK�VHVVLRQ�LV�GHVFULEHG�EHORZ�

3OHQDU\�6HVVLRQ��&KDLUV�RI�WKH�*ODVV�,QGXVWU\�6XEFRPPLWWHHV�DQG�WKH�*ODVV�,QGXVWU\�7HDP�/HDGHU�IURP�WKH�8�6�
'HSDUWPHQW�RI�(QHUJ\�JDYH�RYHUYLHZV�RI�WKH�SURJUHVV�DQG�VWDWXV�RI�WKH�WHFKQRORJ\�URDGPDS�SURFHVV� ��7KH�VHVVLRQ
DOVR�LQFOXGHG�LQVWUXFWLRQV�IRU�WKH�EUHDNRXW�JURXSV�DQG�D�GHVFULSWLRQ�RI�WKH�ZRUNVKRS�SURFHVV�

:RUN�*URXS�6HVVLRQV��7KH�SDUWLFLSDQWV�ZHUH�GLYLGHG�LQWR�IRXU�VPDOOHU�JURXSV�WKDW�PHW�VHSDUDWHO\�WR�DGGUHVV
WHFKQRORJ\�LVVXHV�ZLWKLQ�IRXU�NH\�WRSLF�DUHDV���3URGXFWLRQ�(IILFLHQF\��(QHUJ\�(IILFLHQF\��(QYLURQPHQWDO�3URWHFWLRQ
DQG�5HF\FOLQJ��DQG�,QQRYDWLYH�8VHV�IRU�*ODVV���3DUWLFLSDQWV�RI�HDFK�JURXS�GHVFULEHG�WKH�PDMRU�WHFKQRORJ\�EDUULHUV
WR�DFKLHYLQJ�ORQJ�WHUP�JODVV�LQGXVWU\�JRDOV�LQ�WKHLU�WRSLF�DUHD�DQG�LGHQWLILHG�WKH�UHVHDUFK�WKDW�ZLOO�EH�QHHGHG�WR
RYHUFRPH�WKHVH�EDUULHUV���3DUWLFLSDQWV�ZHUH�WKHQ�DVNHG�WR�LGHQWLI\�WKH�WRS��KLJK��DQG�PHGLXP�SULRULW\�UHVHDUFK
QHHGV���)RU�HDFK�UHVHDUFK�DFWLYLW\��WKH�SDUWLFLSDQWV�DQDO\]HG�WKH�DSSURSULDWH�WLPH�IUDPH��QHDU��PHGLXP��DQG�ORQJ�
DQG�WKH�UHODWLYH�SD\RII�DQG�ULVN�RI�HDFK�UHVHDUFK�LGHD�

6XPPDU\�6HVVLRQ��$OO�ZRUNVKRS�SDUWLFLSDQWV�FRQYHQHG�WR�KHDU�FRQFLVH�VXPPDULHV�RI�WKH�UHVXOWV�RI�HDFK�ZRUN
JURXS���$IWHU�HDFK�SUHVHQWDWLRQ��JURXS�PHPEHUV�ILHOGHG�TXHVWLRQV�DQG�HQJDJHG�LQ�D�GLVFXVVLRQ�RI�WKH�ILQGLQJV���$W
WKH�FRQFOXVLRQ�RI�WKH�SUHVHQWDWLRQV��HDFK�LQGLYLGXDO�KDG�DQ�RSSRUWXQLW\�WR�SURYLGH�FRQFOXGLQJ�UHPDUNV�DQG
VXJJHVW�QH[W�VWHSV�



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

3URGXFWLRQ�(IILFLHQF\�:RUN�*URXS

:LOOLDP�$XJVEXUJHU 7HFKQHJODV��,QF�
'RQDOG�)RVWHU� /DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\
5REHUW�*DOODJKHU 6DQGLD�1DWLRQDO�/DERUDWRU\
3HWHU�*HUKDUGLQJHU 3LONLQJWRQ�/LEEH\�2ZHQV�)RUG
-RKQ�*RRG\HDU )RUG�0RWRU�&RPSDQ\
0LFKDHO�+DUULV &RUQLQJ�,QFRUSRUDWHG
9LQFHQW�+HQU\ )RUG�0RWRU�&RPSDQ\
&KULVWRSKHU�-LDQ 2ZHQV�&RUQLQJ
-RKQ�0F&RQQHOO 33*�,QGXVWULHV��,QF�
5RQDOG�6FKURHGHU 3UD[DLU��,QF�
&KDUOHV�6RUUHOO 8�6��'HSDUWPHQW�RI�(QHUJ\
*HRUJH�9DFKWVHYDQRV *HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\

� 3URGXFWLRQ�(IILFLHQF\
7KH�3URGXFWLRQ�(IILFLHQF\�*URXS�H[DPLQHG�RSSRUWXQLWLHV�WR�LPSURYH�WKH�HIILFLHQF\�RI�JODVV
SURGXFWLRQ��LQFOXGLQJ�LPSURYHG�PDQXIDFWXULQJ�SURFHVVHV�DQG�QHZ�WHFKQLTXHV�WKDW�PD[LPL]H
JODVV�VWUHQJWK�DQG�TXDOLW\���,Q�SDUWLFXODU��SURGXFWLRQ�HIILFLHQF\�JDLQV�DUH�H[SHFWHG�WR�UHVXOW�IURP
LPSURYHG�PHOWLQJ�DQG�UHILQLQJ�SURFHVVHV�WKDW�ZLOO�LQFUHDVH�SURGXFW�\LHOG�ZKLOH�ORZHULQJ
HQHUJ\�DQG�RWKHU�SURGXFWLRQ�FRVWV���:KLOH�PDQ\�RI�WKH�WHFKQRORJLHV�H[DPLQHG�E\�WKLV�JURXS
FRLQFLGH�ZLWK�WKH�LQWHUHVWV�RI�WKH�(QHUJ\�(IILFLHQF\�*URXS�DQG�WKH�(QYLURQPHQWDO�3URWHFWLRQ
DQG�5HF\FOLQJ�*URXS��WKH�3URGXFWLRQ�(IILFLHQF\�*URXS�FRQVLGHUHG�DOO�DVSHFWV�RI�WKH�SURGXFWLRQ
SURFHVV�DQG�WKHLU�LPSDFW�RQ�HQHUJ\�XVH��JODVV�TXDOLW\��SURGXFW�\LHOG��ZDVWH�JHQHUDWLRQ��DQG
SURGXFWLRQ�FRVWV�

7KH�3URGXFWLRQ�(IILFLHQF\
*URXS�LQFOXGHG
UHSUHVHQWDWLYHV�IURP
JODVV�SURGXFHUV��JODVV
VXSSOLHUV��QDWLRQDO
ODERUDWRULHV��XQLYHUVLWLHV�
DQG�JRYHUQPHQW���7KUHH
VHJPHQWV�RI�WKH�JODVV
LQGXVWU\�ZHUH
UHSUHVHQWHG�LQFOXGLQJ
SURGXFHUV�RI�IODW�JODVV�
VSHFLDOW\�JODVV��DQG
ILEHUJODVV���:KLOH�WKHUH
ZHUH�QR�UHSUHVHQWDWLYHV
IURP�WKH�FRQWDLQHU
VHJPHQW��PDQ\�RI�WKH
WHFKQLFDO�LVVXHV�WKDW�ZHUH�GLVFXVVHG�DGGUHVVHG�JHQHULF�QHHGV�RI�JODVV�PHOWLQJ�DQG�SURFHVV
FRQWURO���(LJKW�RI�WKH�WZHOYH�SDUWLFLSDQWV�LQ�WKH�ZRUN�JURXS�DUH�DOVR�PHPEHUV�RI�WKH�3URGXFWLRQ
(IILFLHQF\�6XEFRPPLWWHH��LQFOXGLQJ�LWV�&KDLU��9LQFH�+HQU\���7ZR�PHPEHUV�RI�WKH�6XEFRPPLWWHH
SDUWLFLSDWHG�LQ�RWKHU�EUHDNRXW�JURXSV�
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([KLELW�������3HUIRUPDQFH�7DUJHWV�IRU
3URGXFWLRQ�(IILFLHQF\

Quantitative Tar gets

& 5HGXFH�FDSLWDO�FRVWV�E\����WR�����
& ,PSURYH�RSHUDWLQJ�HIILFLHQF\�E\������\LHOG�[�F\FOH�WLPH�[
XS�WLPH��

& 'RXEOH�VDOHV�SHU�FDSLWDO�LQYHVWPHQW����SHU����
& ,PSURYH�RSWLFDO�TXDOLW\�E\�����ZKLOH�PDLQWDLQLQJ�\LHOG�
& (OLPLQDWH�DOO�VRXUFHV�RI�VXUIDFH�GDPDJH�
& ([WHQG�IXUQDFH�OLIH��H�J�����PRUH�\HDUV�RU������
& 5HGXFH�FDSLWDO�LQYHVWPHQW�RU�LQFUHDVH�FDSDFLW\�E\����
WKURXJK�SURFHVV�DQG�HTXLSPHQW�LQQRYDWLRQV�

& 6HW�JRDO�IRU�§ORZHVW�SURFHVV�ORVV¨�

Qualitative Tar gets

& ,PSURYH�SURFHVV�\LHOG�DQG�TXDOLW\�ZKLOH�ORZHULQJ
RSHUDWLQJ�FRVWV�

& %HWWHU�XQGHUVWDQG�WKH�GLVWULEXWLRQ�RI�SURGXFWLRQ�FRVWV�
& ,PSURYH�ZRUNLQJ�FRQGLWLRQV��H�J���HUJRQRPLFV��FRQWUROV�
RSHUDWRU�WUDLQLQJ��

& 2SWLPL]H�SURFHVVHV�WKURXJK�D�EHWWHU�XQGHUVWDQGLQJ�RI
WKH�FKHPLVWU\�DQG�SK\VLFV�LQYROYHG�

3URGXFWLRQ�(IILFLHQF\�7DUJHWV

3URGXFWLRQ�HIILFLHQF\�LPSURYHPHQWV�FDQ�FRQWULEXWH�WR�DOO�HLJKW�RI�WKH�JRDOV�VSHFLILHG�LQ�WKH
JODVV�LQGXVWU\�YLVLRQ���+RZHYHU��WKH�JUHDWHVW�FRQWULEXWLRQV�ZLOO�EH�UHDOL]HG�LQ�ILYH�RI�WKRVH
JRDOV�

& 5HGXFH�SURGXFWLRQ�FRVWV�E\�DW�OHDVW����SHUFHQW�EHORZ������OHYHOV�
& 5HGXFH�SURFHVV�HQHUJ\�XVH�IURP�SUHVHQW�IDFLOLW\�OHYHOV�E\����SHUFHQW�WRZDUG�WKHRUHWLFDO
PLQLPXP�

& $FKLHYH���VLJPD�TXDOLW\�FRQWURO�LQ�VRPH�SURFHVVHV�
& 5HGXFH�WKH�WLPH�WR�EULQJ�D�SURGXFW�WR�PDUNHW�
& $FKLHYH�]HUR�ZDVWH�HPLVVLRQV�

:LWK�WKHVH�EURDG�JRDOV�DV�WKH
EDVH��DGGLWLRQDO�SHUIRUPDQFH
WDUJHWV�IRU�SURGXFWLRQ�HIILFLHQF\
ZHUH�LGHQWLILHG���0DQ\�RI�WKHVH
SHUIRUPDQFH�WDUJHWV�UHIOHFW
LQWHUPHGLDWH�JRDOV�WKDW�FDQ�EH
DFKLHYHG�EHIRUH�������RU�JRDOV
IRU�VSHFLILF�SURGXFWLRQ
RSHUDWLRQV���([KLELW�����OLVWV�WKH
DGGLWLRQDO�SHUIRUPDQFH�WDUJHWV
IRU�SURGXFWLRQ�HIILFLHQF\�

4XDQWLILDEOH�PHDVXUHV�FRXOG�EH
LGHQWLILHG�IRU�VHYHUDO�WDUJHWV�
ZKLOH�RWKHU�WDUJHWV�ZHUH�PRUH
DSSURSULDWHO\�VWDWHG�DV
FRQWLQXDO�LPSURYHPHQW�JRDOV��
7KH�WDUJHWV�OLVWHG�LQ�([KLELW����
VKRXOG�EH�FRQVLGHUHG
SUHOLPLQDU\�DQG�PD\�UHTXLUH
DGGLWLRQDO�DVVHVVPHQW�DQG
UHILQHPHQW�

7HFKQRORJ\�%DUULHUV

2SSRUWXQLWLHV�WR�LPSURYH�WKH
HIILFLHQF\�RI�JODVV�SURGXFWLRQ�DUH�LQKLELWHG�E\�VHYHUDO�NH\�WHFKQLFDO�DQG�UHVHDUFK�UHODWHG
EDUULHUV��([KLELW��������7KH�PRVW�VLJQLILFDQW�WHFKQLFDO�EDUULHUV�IDOO�ZLWKLQ�WKH�DUHDV�RI�SURFHVV
GHVLJQ�DQG�FRQWURO�DQG�PDWHULDOV�SHUIRUPDQFH�DQG�FRVW���2WKHU�W\SHV�RI�EDUULHUV�LQFOXGH�WKHUPDO
SHUIRUPDQFH��IXQGDPHQWDO�UHVHDUFK��LQIRUPDWLRQ�WUDQVIHU��DQG�QRQ�WHFKQLFDO�LVVXHV�

7KH�ODFN�RI�HIIHFWLYH�LQ�SURFHVV�VHQVRUV�DQG�FRQWURO�V\VWHPV�LV�WKH�PRVW�VHULRXV�EDUULHU�WR�EHWWHU
SURGXFWLRQ�HIILFLHQF\���$FFXUDWH�SURFHVV�FRQWURO�LV�WKH�PRVW�HIIHFWLYH�ZD\�WR�RSWLPL]H�
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([KLELW�������7HFKQRORJ\�%DUULHUV�WR�$FKLHYLQJ�3URGXFWLRQ�(IILFLHQF\�*RDOV
�0� �+LJK�3ULRULW\�
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0DWHULDOV /DFN�RI�LQWHJUDWHG 0HDQV�RI /DFN�RI�DFFHVV $QWL�WUXVW�RQ /DFN�RI
SHUIRUPDQFH SURGXFW�DQG�SURFHVV UHPRYLQJ WR�RXWVLGH WHFKQLFDO�LVVXHV FRPSOHWH
OLPLWDWLRQV FRQWUROV KHDW�IDVWHU LQGXVWU\ XQGHUVWDQGLQJ
0 WHFKQRORJ\ 1RQ�WHFKQLFDO�LVVXHV RI�WKH

1HHG�UHIUDFWRU\ SURFHVV�VHQVRUV�DQG JHWWLQJ ��ODFN�RI�WUDLQLQJ SK\VLFV
PDWHULDOV�WKDW SURFHVV�FRQWURO HQHUJ\�LQWR /DFN�RI�DQ ��PDQDJHPHQW
FDQ�ZLWKVWDQG V\VWHPV WKH�JODVV DFFHVVLEOH ��LVVXHV 6FDOH�XS�RI
KLJK 00000 0 LQWHJUDWHG �������VKRUW�WHUP IXQGDPHQWDO
WHPSHUDWXUH� GDWDEDVH ��������SURILW�IRFXV NQRZOHGJH
HURVLRQ� $FFXUDWH�KLJK ��DOWHUQDWLYH�SD\�LV 0

FRUURVLRQ��DQG WHPSHUDWXUH�SK\VLFDO /DFN�RI�DFFHVV ��EHWWHU
QRW�DIIHFW�JODVV SURSHUWLHV WR�KLJK +RZ�WR
SURGXFW SHUIRUPDQFH 0DQDJHPHQW IXQGDPHQWDOO\
00 1HHG�WR�YHFWRUL]H VXSHU GHGLFDWLRQ�WR�5	' FKDQJH�WKH�ZD\

6XUIDFHV�WKDW FRQWURO� 1HHG�D�ORQJ��WHUP DQG�SURFHVVHG
VWDQG�XS�WR /DFN�RI�JRRG FRPPLWPHQW�IURP
VXUIDFH 'R�QRW�KDYH�§IHDU�RI GLVVHPLQDWLRQ IXQGLQJ�DJHQFLHV
WHPSHUDWXUH IDLOXUH¨�TXLFN�GDWD RI �&RQJUHVV�

/DFN�RI
LQYHVWPHQW�IURP 3URFHVVHV�DUH�ODUJH 1HHG�IRU 5	'�RIWHQ�VHHQ�DV
UHIUDFWRU\�DQG DQG�KLJKO\ EHQFKPDUNLQJ H[SHQGDEOH
HTXLSPHQW LQWHUDFWLYH IRU�SUH� LQYHVWPHQW
SURGXFHUV FRPSHWLWLYH ��KRZ�PXFK�5	'

/DFN�RI�ORZHU� RI�WKH�RSHUDWLRQ�RI ���,QGXVWU\� ��\HVWHUGD\
FRVW�R[\JHQ R[\JHQ�IXUQDFHV ���FRPSOH[LW\
�$73�LQSXW�LGHD� ���PDNHV

1HHG�IRU�EHWWHU XQGHUVWDQGLQJ�RI�DOO ���PDUNLQJ
TXDOLW\�UDZ WKH�FRQWURO�YDULDEOHV ���GLIILFXOW
PDWHULDOV DQG�WKHLU ����PDQ\

/DFN�RI�ORZ�FRVW�
KLJK� 1HHG�KLJK�TXDOLW\
SHUIRUPDQFH� ODERUDWRU\�GDWD�VHWV
KLJK� �LQVWUXPHQWDWLRQ�LV
WHPSHUDWXUH QRW�UREXVW���XVH�ODE
URERWV LQVWUXPHQWDWLRQ�

1HHG�IRU�EHWWHU /DFN�RI�IOH[LELOLW\�WR
PDWHULDOV FKDQJH�SURGXFWV�RQ�D
SURSHUW\�GDWD OLQH

/DFN�RI�EHWWHU�LQ� (IIHFWLYHO\ LQIRUPDWLRQ ��SODQW�FRQGLWLRQV IXQGDPHQWDO

PRGHOV��EHWWHU FRPSXWHUV JODVV�LV�PHOWHG

WXUQDURXQG LQIRUPDWLRQ 0

%HWWHU�XQGHUVWDQGLQJ SURFHVVHV ��GROODUV�WRGD\�YV�

/DFN�RI ���EHQFK�

LQWHUUHODWLRQVKLSV ���SDUDPHWHUV�

���GLIILFXOW�WR�FKDQJH
���RYHU

'RHV�SURFHVV�OLPLW
SURGXFW�LQQRYDWLRQ

'LVFUHWH�SUREOHP
LGHQWLILFDWLRQ��GHIHFW
VRXUFH�
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SURGXFWLRQ�ZLWKLQ�H[LVWLQJ�IXUQDFHV�DQG�SURGXFWLRQ�OLQHV���+RZHYHU��ZLWKRXW�DFFXUDWH�DQG
UHOLDEOH�VHQVRUV�DQG�WKHLU�DVVRFLDWHG�FRQWURO�V\VWHPV��SURGXFWLRQ�PDQDJHUV�PD\�EH�XQDEOH�WR
GHWHUPLQH�ZKHWKHU�WKHLU�SURFHVVHV�DUH�RSHUDWLQJ�HIILFLHQWO\���6HQVRUV�DUH�DOVR�QHHGHG�WR�KHOS
JDWKHU�RSHUDWLQJ�GDWD�WR�GHYHORS�EHWWHU�PRGHOV���:LWK�EHWWHU�VHQVRUV�DQG�FRQWUROV��HQJLQHHUV�FDQ
EHJLQ�WR�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�DOO�WKH�FRQWURO�YDULDEOHV�DQG�WKHLU�LQWHUUHODWLRQVKLSV��
7KLV�LV�SDUWLFXODUO\�DSSURSULDWH�IRU�ODUJH��KLJKO\�LQWHJUDWHG�JODVV�SURGXFWLRQ�SURFHVVHV�LQ�ZKLFK
WKH�DELOLW\�WR�TXLFNO\�LGHQWLI\�DQG�FRUUHFW�SUREOHPV�LV�LPSRUWDQW�

7KH�ODFN�RI�FRVW�HIIHFWLYH�PDWHULDOV�WKDW�SHUIRUP�DGHTXDWHO\�LQ�JODVV�IXUQDFH�HQYLURQPHQWV�LV
DQRWKHU�NH\�EDUULHU���,Q�SDUWLFXODU��WKHUH�LV�D�VWURQJ�QHHG�IRU�EHWWHU�UHIUDFWRU\�PDWHULDOV�WKDW�FDQ
ZLWKVWDQG�YHU\�KLJK�WHPSHUDWXUHV��HURVLRQ��DQG�FRUURVLRQ��EXW�QRW�DGYHUVHO\�DIIHFW�WKH�TXDOLW\
RI�WKH�JODVV�SURGXFW���7KH�ODFN�RI�DGHTXDWH�UHIUDFWRU\�PDWHULDOV�PD\�EH�WKH�UHVXOW�RI�OLPLWHG
LQYHVWPHQW�LQ�UHVHDUFK�DQG�GHYHORSPHQW�RQ�WKH�SDUW�RI�UHIUDFWRU\�DQG�HTXLSPHQW�SURGXFHUV��
$QRWKHU�PDWHULDOV�UHODWHG�LPSHGLPHQW�LV�WKH�SHUIRUPDQFH�OLPLWV�RI�PDWHULDOV�WKDW�FRQWDFW�WKH
JODVV�DQG�DUH�H[SRVHG�WR�KDUVK�RSHUDWLQJ�HQYLURQPHQWV���,Q�JHQHUDO��VXUIDFH�PDWHULDOV�PXVW�GR�D
EHWWHU�MRE�RI�VWDQGLQJ�XS�WR�KLJK�WHPSHUDWXUH�HQYLURQPHQWV���$GYDQFHPHQW�LQ�WKHVH�DUHDV�KDV
EHHQ�SDUWO\�OLPLWHG�E\�D�ODFN�RI�JRRG�GDWD�RQ�PDWHULDOV�SURSHUWLHV���2WKHU�PDWHULDOV�QHHGV
LQFOXGH�ORZHU�FRVW�R[\JHQ�DQG�EHWWHU�TXDOLW\�UDZ�PDWHULDOV�

$�ODFN�RI�IXQGDPHQWDO�UHVHDUFK�OLPLWV�RXU�XQGHUVWDQGLQJ�RI�WKH�XQGHUO\LQJ�SK\VLFV�LQYROYHG�LQ
JODVVPDNLQJ���$�VWURQJHU�XQGHUVWDQGLQJ�FRXOG�OHDG�WR�WKH�GLVFRYHU\�RI�QHZ�ZD\V�WR
IXQGDPHQWDOO\�FKDQJH�WKH�ZD\�JODVV�LV�PHOWHG�DQG�SURFHVVHG���2QFH�IXQGDPHQWDO�NQRZOHGJH�LV
JDLQHG��WKH�LQGXVWU\�IDFHV�DGGLWLRQDO�EDUULHUV�LQ�VFDOLQJ�XS�WHFKQRORJLHV�IURP�EHQFK�WR�SLORW�DQG
IXOO�VFDOH�SURFHVVHV�

7KHUPDO�SHUIRUPDQFH�LQ�WKH�JODVVPDNLQJ�SURFHVV�LV�DQRWKHU�WHFKQLFDO�LVVXH���,Q�SDUWLFXODU��WKHUH
LV�D�QHHG�WR�GHYHORS�WHFKQLTXHV�WR�HIIHFWLYHO\�WUDQVIHU�HQHUJ\�LQWR�WKH�JODVV�DV�ZHOO�DV�UDSLGO\
UHPRYH�KHDW�IURP�WKH�JODVV�

$VVRFLDWHG�ZLWK�WKHVH�EDUULHUV�DUH�D�YDULHW\�RI�QRQ�WHFKQLFDO�EDUULHUV�WKDW�OLPLW�WHFKQLFDO
DFKLHYHPHQW���2I�WKHVH��WKH�ODFN�RI�D�ORQJ�WHUP�FRPPLWPHQW�WR�5	'�E\�IHGHUDO�DJHQFLHV�LV
DPRQJ�WKH�PRVW�FULWLFDO���2WKHU�QRQ�WHFKQLFDO�EDUULHUV�LQFOXGH�DQWLWUXVW�FRQFHUQV��FRUSRUDWH
PDQDJHPHQW�GHGLFDWLRQ�WR�5	'��D�VKRUW�WHUP�IRFXV�RQ�SURILWV��DQG�WKH�YLHZ�WKDW�5	'�LV�D�QRQ�
HVVHQWLDO�LQYHVWPHQW���$�VSHFLDO�W\SH�RI�QRQ�WHFKQLFDO�EDUULHU�LV�WKH�ODFN�RI�HIIHFWLYH�LQIRUPDWLRQ
WUDQVIHU���,Q�VRPH�FDVHV��WHFKQLFDO�LQIRUPDWLRQ�PD\�H[LVW�EXW�LV�QRW�UHDGLO\�DFFHVVLEOH�E\�WKH
HQJLQHHUV�ZKR�FRXOG�EHQHILW�IURP�LW���)RU�H[DPSOH��VFLHQWLILF�DQG�WHFKQLFDO�GLVFRYHULHV�RXWVLGH
RI�WKH�JODVV�LQGXVWU\�DUH�RIWHQ�PLVVHG���$FFXUDWH�EHQFKPDUNLQJ�RI�SUHFRPSHWLWLYH�SURFHVVHV
ZRXOG�DOVR�EHQHILW�JODVV�SURGXFHUV��KRZHYHU�WKH�FRPSOH[LW\�RI�JODVV�SURGXFWLRQ��SDUWLFXODUO\
WKH�ODUJH�QXPEHU�RI�SURFHVV�SDUDPHWHUV��PDNH�EHQFKPDUNLQJ�GLIILFXOW���$FFHVV�WR�KLJK�
SHUIRUPDQFH�VXSHU�FRPSXWLQJ�UHVRXUFHV�LV�FXUUHQWO\�OLPLWHG�EXW�FRXOG�EHQHILW�JODVV�PRGHOLQJ
HIIRUWV���)LQDOO\��WKH�JODVV�LQGXVWU\�ODFNV�DQ�DFFHVVLEOH��LQWHJUDWHG�GDWDEDVH�WKDW�ZRXOG�EHQHILW
UHVHDUFKHUV�DQG�SURFHVV�HQJLQHHUV�
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5HVHDUFK�1HHGV

6LJQLILFDQW�LPSURYHPHQWV�LQ�SURGXFWLRQ�HIILFLHQF\�ZLOO�UHTXLUH�QHDU���PLG���DQG�ORQJ�WHUP
UHVHDUFK�VWUDWHJLHV�WKDW�DGGUHVV�WHFKQRORJ\�EDUULHUV�LQ�DQ�LQWHJUDWHG�ZD\���&ULWLFDO�UHVHDUFK�LV
QHHGHG�LQ�DUHDV�WKDW�DUH�HVVHQWLDO�IRU�HIILFLHQW�JODVV�SURGXFWLRQ���VHQVRUV�DQG�FRQWUROV��PRGHOLQJ�
PDWHULDOV��SURFHVV�GHVLJQ��DQG�UDGLFDO�LQQRYDWLRQV��([KLELW��������6SHFLILF�UHVHDUFK�SDWKZD\V�LQ
WKHVH�DUHDV�PXVW�EH�GHILQHG�WR�HQVXUH�WKDW�VXFFHVVIXO�UHVHDUFK�UHVXOWV�FDQ�EH�LQFRUSRUDWHG�LQWR
QHZ�SURFHVVHV�DQG�V\VWHPV���$Q\�VXFFHVVIXO�UHVHDUFK�VWUDWHJ\�PXVW�DOVR�LGHQWLI\�PHFKDQLVPV�WR
SURYLGH�WKH�QHFHVVDU\�5	'�LQYHVWPHQWV�DQG�VFLHQWLILF�LQIUDVWUXFWXUH�WR�LPSOHPHQW�D
FRRUGLQDWHG�JODVV�UHVHDUFK�SODQ�

$GYDQFHPHQW�LQ�VHQVRUV�DQG�FRQWUROV�LV�SHUKDSV�WKH�PRVW�LPSRUWDQW�UHTXLUHPHQW�IRU�LPSURYLQJ
WKH�HIILFLHQF\�RI�JODVV�SURGXFWLRQ���5HVHDUFK�LQ�WKLV�DUHD�LV�HVVHQWLDO�IRU�RSWLPL]LQJ�QXPHURXV
SURGXFWLRQ�SDUDPHWHUV�DQG�ILQH�WXQLQJ�SURFHVVHV���0RVW�VHQVRU�UHVHDUFK�FDQ�EH�DFFRPSOLVKHG�LQ
WKH�QHDU�WHUP��ZKLOH�LQWHOOLJHQW�V\VWHPV�WKDW�XVH�VPDUW�VHQVRUV�DQG�LQWHJUDWH�SURFHVV�FRQWURO
ZLOO�EH�UHDOL]HG�LQ�WKH�PLG�WHUP���7KH�KLJKHVW�SULRULW\�LQ�WKLV�DUHD�LV�WR�GHYHORS�WKH�WHFKQRORJ\
WKDW�ZLOO�HQDEOH�LQWHOOLJHQW�FRQWURO�RI�SURGXFWLRQ�DQG�IDEULFDWLRQ�SURFHVVHV���7KLV�ZLOO�UHTXLUH
LPSURYHPHQWV�LQ�VHQVRU�WHFKQRORJ\��LQFOXGLQJ�UREXVW�FRQWDFW�DQG�QRQFRQWDFW�WHPSHUDWXUH
VHQVRUV��JDV�FRPEXVWLRQ�VSHFLHV�VHQVRUV��DQG�YHORFLW\�VHQVRUV���:LWK�DSSURSULDWH�LQYHVWPHQW�
PRVW�RI�WKHVH�WHFKQRORJLHV�FDQ�EH�GHYHORSHG�ZLWKLQ�DERXW�WKUHH�WR�ILYH�\HDUV���(YHQ�PRUH
LPSRUWDQW��KRZHYHU��LV�WKH�GHYHORSPHQW�RI�UHOLDEOH�VPDUW�VHQVRUV�WKDW�FDQ�LQGLFDWH�ZKHQ�WKH\
DUH�GULIWLQJ�RU�IDLOLQJ�DQG�WKDW�KDYH�WKH�FDSDELOLW\�WR�VHOI�FDOLEUDWH���,QWHJUDWHG�FRQWURO�VWUDWHJLHV�
ZKLFK�FDQ�DVVLPLODWH�D�ODUJH�YDULHW\�RI�SURFHVV�GDWD�DQG�RSWLPL]H�SURGXFWLRQ�E\�FRQWUROOLQJ
FRPEXVWLRQ�DQG�PHOW�SDUDPHWHUV��DUH�DQ�LPSRUWDQW�PLG�WHUP�UHVHDUFK�SULRULW\���2WKHU�NH\
UHVHDUFK�LV�QHHGHG�LQ�WKH�PLG�WHUP�WR�GHYHORS�GLDJQRVWLFV��SURJQRVWLFV��DQG�FRQGLWLRQ�EDVHG
PDLQWHQDQFH��WR�GHYHORS�WKH�FDSDELOLW\�IRU�WKUHH�GLPHQVLRQDO�PHDVXUHPHQWV�DERYH�DQG�EHORZ
WKH�PHOW�OLQH��DQG�WR�GHYHORS�PXOWLSOH�ZDYHOHQJWK�LQIUDUHG�PHDVXULQJ�GHYLFHV�

0RGHOLQJ�LV�UHTXLUHG�WR�KHOS�VLPXODWH�JODVV�SURFHVVHV�DQG�LPSURYH�XQGHUVWDQGLQJ�RI�WKH
G\QDPLFV�RI�FRPEXVWLRQ�DQG�WKH�JODVV�PHOW���,Q�WKH�QHDU�WHUP��UHVHDUFK�RQ�FRXSOHG�PRGHOV�WKDW
FDQ�VLPXODWH�WKH�JODVV�PHOW�DQG�FRPEXVWLRQ�VSDFH��LQFOXGLQJ�EDWFK�EHKDYLRU��LV�D�KLJKO\
LPSRUWDQW�SULRULW\���0LG�WHUP�PRGHOLQJ�QHHGV�LQFOXGH�UHDO�WLPH�G\QDPLF�PRGHOLQJ�RI�SURFHVV
FRQWURO�DQG�WKH�FRPSXWHU�FDSDELOLW\�IRU�LGHQWLI\LQJ�VRXUFHV�RI�GHIHFWV���5HODWHG�WR�DOO�WKHVH�LV�WKH
QHHG�IRU�VRPH�IRUP�RI�YDOLGDWLRQ�RI�WKH�GHYHORSHG�PRGHOV�ZLWK�HPSLULFDO�DQG�RWKHU�GDWD�

0DWHULDOV�UHVHDUFK�LV�QHHGHG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�PDWHULDOV�WKDW�PXVW�ZLWKVWDQG�WKH
KRVWLOH�HQYLURQPHQW�RI�WKH�JODVVPDNLQJ�SURFHVV���0DQ\�UHVHDUFK�SULRULWLHV�HQFRPSDVV�DFWLYLWLHV
WKDW�FDQ�SURGXFH�WHFKQLFDO�FRQWULEXWLRQV�LQ�DOO�WKUHH�WLPH�SHULRGV��QHDU��PLG��DQG�ORQJ����7KH
PRVW�LPSRUWDQW�PDWHULDOV�QHHG�LV�WR�EHWWHU�XQGHUVWDQG�UHIUDFWRU\�FRPSRVLWLRQ��SDUWLFXODUO\
FRUURVLRQ�PHFKDQLVPV�LQ�WKH�R[\�IXHO�HQYLURQPHQW���+RZHYHU��WKHUH�LV�DOVR�D�VWURQJ�QHHG�WR
GHYHORS�QRQ�UHIUDFWRU\�PDWHULDOV�WKDW�DUH�EHWWHU�DQG�ORQJHU�ODVWLQJ�

)RU�IODW�JODVV��WKLV�FRXOG�LQFOXGH�DGYDQFHV�VXFK�DV�LPSURYHG�DQHDOLQJ�OHKU�UROOV�WKDW�DUH�VHOI�
OXEULFDWLQJ�DQG�ZRQªW�VWDLQ�WKH�JODVV���)RU�FRQWDLQHUV��WKLV�FRXOG�LQFOXGH�LPSURYHG�IRUPLQJ�DQG
PROG�PDWHULDOV���,PSRUWDQW�QHDU�WHUP�PDWHULDOV�UHVHDUFK�QHHGV�LQFOXGH�WKH�FDSDELOLW\�IRU
V\VWHPDWLF�PHDVXUHPHQW�RI�SK\VLFDO�SURSHUWLHV�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�DQG�LPSURYHG�
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3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������0DMRU�5HVHDUFK�1HHGV�IRU�3URGXFWLRQ�(IILFLHQF\



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

VHQVRU�VKHDWKLQJ�PDWHULDOV�WKDW�ZRQªW�DIIHFW�JODVV�TXDOLW\���,Q�WKH�ORQJHU�WHUP��IXQGDPHQWDO
PDWHULDOV�UHVHDUFK�VKRXOG�EH�VXSSRUWHG�DV�ZHOO�DV�UHVHDUFK�RQ�DOWHUQDWLYH�UDZ�PDWHULDOV�IRU
JODVV�SURGXFWLRQ�

3URFHVV�GHVLJQ�LPSURYHPHQWV�ZLOO�DOVR�EH�QHHGHG�LQ�D�YDULHW\�RI�DUHDV���,Q�WKH�QH[W�WKUHH�\HDUV�
WKH�KLJKHVW�SULRULW\�UHVHDUFK�ZLOO�EH�WR�GHYHORS�SUH�KHDWLQJ�RI�WKH�EDWFK�DQG�FXOOHW�ZLWK�D�IRFXV
RQ�LQFUHDVLQJ�WKURXJKSXW���6\VWHPDWLF�LPSURYHPHQW�RI�R[\�IXHO�ILULQJ�LV�QHHGHG�LQ�WKH�PLG�
WHUP�ZLWK�DWWHQWLRQ�WR�KHDW�IOX[�PHDVXUHPHQWV�DQG�FRQVLGHUDWLRQ�RI�WRWDOO\�QHZ�IXUQDFH�GHVLJQV
WKDW�FDQ�RSWLPL]H�SHUIRUPDQFH���0LG�WHUP�UHVHDUFK�LV�DOVR�UHTXLUHG�WR�RSWLPL]H�IXUQDFH�VL]H�IRU
D�YDULHW\�RI�SURGXFWLRQ�FKDUDFWHULVWLFV���2WKHU�UHVHDUFK�SULRULWLHV�LQFOXGH�LPSURYLQJ�WKHUPDO
TXHQFK�SURFHVVHV�DQG�WDNLQJ�D�V\VWHPDWLF�ORRN�DW�IDVW�JODVV�FKDQJH�PHOWHUV�WKDW�FDQ�KDQGOH
PXOWLSOH�SURGXFWV�

/RRNLQJ�WRZDUG�WKH�ORQJ�WHUP��WKH�JODVV�LQGXVWU\�PXVW�DOVR�FRQVLGHU�UDGLFDO�LQQRYDWLRQV�WKDW
FRXOG�IXQGDPHQWDOO\�FKDQJH�JODVV�SURFHVVLQJ���7KLV�HIIRUW�ZLOO�LQFOXGH�IXQGDPHQWDO�UHVHDUFK�RQ
DOWHUQDWLYH�DSSURDFKHV�WR�PDNLQJ�JODVV���7KLV�PXVW�EH�DFFRPSDQLHG��KRZHYHU��E\�UHVHDUFK�WR
LQFUHDVH�WKH�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�WKH�FKHPLVWU\�DQG�SK\VLFV�RI�JODVVPDNLQJ�

)LQDOO\��WKH�JODVV�LQGXVWU\�ZLOO�QHHG�D�VRXQG�LQIUDVWUXFWXUH�WR�LPSOHPHQW�LWV�5	'�DJHQGD���,W�LV
QRZ�ZLGHO\�UHFRJQL]HG�WKDW�WKH�FRPSOH[LW\�RI�WHFKQLFDO�SURGXFWLRQ�LVVXHV�FRXSOHG�ZLWK�WKH
OLPLWHG�ILQDQFLDO�UHVRXUFHV�RI�LQGLYLGXDO�JODVV�FRPSDQLHV�UHTXLUHV�WKDW�QHZ�DSSURDFKHV�EH
GHYHORSHG�IRU�IXQGLQJ�DQG�SHUIRUPLQJ�JODVV�5	'���7KHVH�DSSURDFKHV�DUH�DOO�DSSURSULDWH�IRU
QHDU�WHUP�DFWLRQ���2SLQLRQV�YDU\�RQ�WKH�DSSURSULDWH�UROH�RI�WKH�&HQWHU�IRU�*ODVV�5HVHDUFK��ZLWK
VRPH�DGYRFDWLQJ�FRQWLQXHG�RU�H[SDQGHG�VXSSRUW��SDUWLFXODUO\�LQ�WKH�DUHD�RI�UHIUDFWRULHV���7KHUH
LV�DOVR�D�SULRULW\�QHHG�IRU�D�UHVHDUFK�IDFLOLW\�WKDW�ZLOO�IRFXV�RQ�WKH�QHHGV�RI�WKH�JODVV�LQGXVWU\�
SDUWLFXODUO\�IXUQDFHV�DQG�FRPEXVWLRQ�LVVXHV�

3D\RII�DQG�5LVN

(DFK�UHVHDUFK�LGHD�RIIHUV�D�FHUWDLQ�SRWHQWLDO�SD\RII�DQG�FDUULHV�D�FHUWDLQ�OHYHO�RI�ULVN���3D\RII�KDV
EHHQ�EURDGO\�GHILQHG�DV�D�PHDVXUH�RI�ERWK�LQFUHDVHG�JODVV�SURGXFW�VKLSPHQWV�DQG�LQFUHDVHG
SURILWDELOLW\�IRU�WKH�JODVV�LQGXVWU\�UHVXOWLQJ�IURP�D�UHVHDUFK�LGHD���5LVN�LV�GHILQHG�DV�WKH
SUREDELOLW\�WKDW�WKH�UHVHDUFK�ZLOO�UHVXOW�LQ�D�VXFFHVVIXO�RXWFRPH���%\�GHILQLWLRQ��DOO�RI�WKH
LGHQWLILHG�UHVHDUFK�LGHDV�RIIHU�VLJQLILFDQW�SD\RIIV�EHFDXVH�WKH\�ZHUH�GHHPHG�WR�EH�FULWLFDO�WR
RYHUFRPLQJ�PDMRU�WHFKQRORJ\�EDUULHUV���$FFRUGLQJO\��D�UHODWLYH�VFDOH�LV�XVHG�WR�PHDVXUH�WKH
OHYHO�RI�SD\RII��WKDW�LV��LW�LQGLFDWHV�KLJKHU�DQG�ORZHU�SD\RIIV¦QRW�KLJK�DQG�ORZ���,W�VKRXOG�DOVR�EH
QRWHG�WKDW�VRPH�UHVHDUFK�RIIHUV�KLJK�SD\RII�EXW�RQO\�LQ�VSHFLILF�VHJPHQWV�RI�WKH�JODVV�LQGXVWU\��
7KHUHIRUH��VRPH�UHVHDUFK�PD\�RIIHU�PRGHUDWH�LQGXVWU\�ZLGH�SRWHQWLDO�EXW�KLJKHU�SD\RII�ZLWKLQ
VSHFLILF�VHJPHQWV���7KH�OHYHO�RI�ULVN�LV�DOVR�UHODWLYH�DQG�FDQ�FKDQJH�GHSHQGLQJ�RQ�DYDLODEOH
RSSRUWXQLWLHV�WR�VKDUH�ULVN�DPRQJ�VHYHUDO�SDUWLFLSDQWV�WKURXJK�SDUWQHUVKLSV�DQG�FRVW�VKDULQJ��
3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�FRQVLGHU�ULVN�D�SULRU��ZLWKRXW�UHJDUG�WR�IXQGLQJ�DUUDQJHPHQWV��
7KH�UHVXOWV�RI�WKLV�HIIRUW�DUH�VKRZQ�LQ�([KLELW�����

$V�ZRXOG�EH�H[SHFWHG��PRVW�RI�WKH�WRS�SULRULW\�UHVHDUFK�LGHDV�RIIHU�WKH�KLJKHVW�SD\RIIV�
UHJDUGOHVV�RI�ULVN���6RPH�RI�WKH�KLJKHVW�SD\RIIV�DUH�H[SHFWHG�WR�FRPH�IURP�LPSRUWDQW�DGYDQFHV
LQ�VHQVRUV�DQG�FRQWUROV��VSHFLILFDOO\�WKH�GHYHORSPHQW�RI�LQWHOOLJHQW�FRQWURO�RI�SURGXFWLRQ�DQG�
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3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������3D\RII�YV��5LVN�IRU�3URGXFWLRQ�(IILFLHQF\�5HVHDUFK



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

IDEULFDWLRQ�SURFHVVHV�DQG�WKH�GHYHORSPHQW�RI�LQWHJUDWHG�FRQWURO�VWUDWHJLHV���2WKHU�KLJK�SD\RII
DUHDV�DUH�WKH�GHYHORSPHQW�RI�SUH�KHDWLQJ�V\VWHPV�IRU�WKH�EDWFK�DQG�FXOOHW�DQG�IXQGDPHQWDO
UHVHDUFK�RQ�HQWLUHO\�QHZ�ZD\V�WR�PDNH�JODVV�

5HVHDUFK�ULVN�JHQHUDOO\�LQFUHDVHV�DV�WKH�UHVHDUFK�EHQHILWV�RFFXU�IXUWKHU�LQWR�WKH�IXWXUH��
&RPPHUFLDO�EHQHILWV�RI�UHVHDUFK�WKDW�ZLOO�EH�UHDOL]HG�LQ�WKH�QHDU�WHUP�W\SLFDOO\�FDUU\�D�ORZHU
ULVN���$V�WKH�FRPPHUFLDO�SD\RII�PRYHV�LQWR�WKH�PLG�DQG�ORQJ�WHUP��WKH\�GHYHORS�D�KLJKHU�ULVN��
:LWK�IHZ�H[FHSWLRQV��WKH�KLJKHVW�ULVN�SURGXFWLRQ�HIILFLHQF\�UHVHDUFK�LV�H[SHFWHG�WR�\LHOG
FRPPHUFLDOO\�EHQHILFLDO�UHVXOWV�LQ�WKH�PLG�DQG�ORQJ�WHUP��ZLWK�VRPH�SURYLGLQJ�EHQHILWV�LQ�DOO
WLPH�IUDPHV���1HDU�WHUP�UHVHDUFK�DFWLYLWLHV�DUH�JHQHUDOO\�SHUFHLYHG�WR�KDYH�ORZHU�RYHUDOO�ULVN�

2SSRUWXQLWLHV�IRU�FROODERUDWLYH�UHVHDUFK�LQ�SURGXFWLRQ�HIILFLHQF\�ZLOO�PRVW�OLNHO\�RFFXU�LQ�WKH
KLJKHU�SD\RII�KLJKHU�ULVN�TXDGUDQW�LQ�([KLELW�������&ROODERUDWLRQV��ZKHWKHU�DPRQJ�FRPSDQLHV
RU�EHWZHHQ�FRPSDQLHV�DQG�WKH�JRYHUQPHQW��ZLOO�WHQG�WR�PLWLJDWH�ULVN�ZKLOH�SURYLGLQJ�ODUJH
SD\RIIV�WKDW�FDQ�EH�VKDUHG�E\�PXOWLSOH�FRPSDQLHV���+LJK�ULVN�KLJK�SD\RII�UHVHDUFK�DFWLYLWLHV
DUH�SDUWLFXODUO\�ZHOO�VXLWHG�IRU�JRYHUQPHQW�LQYHVWPHQW�DQG�SDUWLFLSDWLRQ���+RZHYHU��D�UHVHDUFK
SRUWIROLR�WKDW�FRPELQHV�QHDU���PLG���DQG�ORQJ�WHUP�DFWLYLWLHV�DQG�D�UDQJH�RI�ULVNV�LV�KLJKO\
GHVLUDEOH�IRU�D�EDODQFHG�5	'�SURJUDP�
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*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

(QHUJ\�(IILFLHQF\�:RUN�*URXS

3HWHU�$QJHOLQL 2DN�5LGJH�1DWLRQDO�/DERUDWRU\
(XJHQH�'DYLV 7KRPVRQ�&RQVXPHU�(OHFWURQLFV
/DXUHQFH�)HGHU� ,QVWLWXWH�RI�*DV�7HFKQRORJ\
-DPHV�)HQVWHUPDFKHU 2ZHQV�%URFNZD\�*ODVV�&RQWDLQHU
'LFN�*DOXVKD &RUQLQJ�,QFRUSRUDWHG
5DPHVK�-DLQ 8�6��'HSDUWPHQW�RI�(QHUJ\
-RH�.HOOHU ,GDKR�1DWLRQDO�(QJLQHHULQJ�DQG

(QYLURQPHQWDO�/DERUDWRU\
-HUU\�.\QLFN 6W��*HRUJH�&U\VWDO
'DQ�/XEHOVNL 3LONLQJWRQ�/LEEH\�2ZHQV�)RUG
)UHG�6FKDHIIHU /LEEH\�*ODVV
5RQ�6FKURHGHU 3UD[DLU��,QF�
-DPHV�6KHOO 7HFKQHJODV��,QF�

� (QHUJ\�(IILFLHQF\
(DFK�\HDU�WKH�JODVV�LQGXVWU\�VSHQGV�RYHU������ELOOLRQ�RQ�WKH�HQHUJ\�XVHG�LQ�LWV�PDQXIDFWXULQJ
SURFHVVHV���3URFHVV�HQHUJ\�DFFRXQWV�IRU�D�IXOO����SHUFHQW�RI�WKH�FRVW�RI�JODVV�SURGXFWV���,Q�WKH�IDFH
RI�JURZLQJ�FKDOOHQJHV�IURP�IRUHLJQ�PDQXIDFWXUHUV�DQG�RWKHU�PDWHULDOV��WKH�JODVV�LQGXVWU\�VHHNV
WR�UHGXFH�HQHUJ\�XVH�DV�SDUW�RI�LWV�EURDGHU�HIIRUW�WR�ORZHU�JODVV�SURGXFWLRQ�FRVWV���7KH�LQGXVWU\
EHOLHYHV�WKH�GHYHORSPHQW�RI�PRUH�HQHUJ\�HIILFLHQW�PDQXIDFWXULQJ�WHFKQRORJLHV�ZLOO�DFKLHYH
VLJQLILFDQW�HQHUJ\�VDYLQJV�DQG�KHOS�WR�VWUHQJWKHQ�WKH�FRPSHWLWLYHQHVV�RI�JODVV�SURGXFWV�

7KH�(QHUJ\�(IILFLHQF\�*URXS
HYDOXDWHG�JODVVPDNLQJ�SURFHVVHV
WR�LGHQWLI\�WKH�EHVW�RSSRUWXQLWLHV
IRU�LQFUHDVLQJ�HQHUJ\�HIILFLHQF\
ZKLOH�PDLQWDLQLQJ�RU�LPSURYLQJ
SURGXFW�TXDOLW\���*URXS
PHPEHUV�UHSUHVHQWHG�PDQ\
PDMRU�JODVV�PDQXIDFWXUHUV��WZR
QDWLRQDO�ODERUDWRULHV��DQG�'2(ªV
2IILFH�RI�,QGXVWULDO�7HFKQRORJLHV��
7KUHH�RI�WKH�IRXU�VHJPHQWV�RI�WKH
JODVV�LQGXVWU\�ZHUH�UHSUHVHQWHG
LQ�WKH�JURXS��LQFOXGLQJ�IODW�
VSHFLDOW\��DQG�FRQWDLQHU�JODVV��
$OWKRXJK�WKHUH�ZHUH�QR
UHSUHVHQWDWLYHV�IURP�WKH
ILEHUJODVV�VHJPHQW��PDQ\�RI�WKH
LVVXHV�GLVFXVVHG�DUH�EURDGO\�DSSOLFDEOH�WR�DOO�VHJPHQWV�RI�WKH�LQGXVWU\�

(QHUJ\�(IILFLHQF\�7DUJHWV

,Q�������WKH�JODVV�LQGXVWU\�FRQVXPHG�RYHU�����WULOOLRQ�%WX�RI�SURFHVV�HQHUJ\���$SSUR[LPDWHO\
���SHUFHQW�RI�WKLV�HQHUJ\�ZDV�LQ�WKH�IRUP�RI�QDWXUDO�JDV�����SHUFHQW�LQ�WKH�IRUP�RI�HOHFWULFLW\�
DQG�WKH�UHPDLQLQJ���SHUFHQW�LQ�WKH�IRUP�RI�UHVLGXDO�DQG�GLVWLOODWH�IXHO�RLO���3UHVHQW�JODVV
PDQXIDFWXULQJ�IDFLOLWLHV�FOHDUO\�RIIHU�D�ODUJH�RSSRUWXQLW\�IRU�HQHUJ\�VDYLQJV���:KHUHDV�PHOWLQJ
RQH�WRQ�RI�JODVV�VKRXOG�WKHRUHWLFDOO\�UHTXLUH�RQO\�DERXW�����PLOOLRQ�%WX��LQ�SUDFWLFH�LW�UHTXLUHV�D
PLQLPXP�RI�WZLFH�WKDW�PXFK�EHFDXVH�RI�D�YDULHW\�RI�ORVVHV�DQG�LQHIILFLHQFLHV�DQG�WKH�KLJK
TXDOLW\�RI�JODVV�WKDW�LV�RIWHQ�UHTXLUHG���2QH�RI�WKH�PDLQ��JRDOV�VHW�IRUWK�LQ�WKH�JODVV�YLVLRQ
VWDWHPHQW�LV�WR�FXW�WKH�JDS�EHWZHHQ�WKHRUHWLFDO�DQG�DFWXDO�HQHUJ\�UHTXLUHPHQWV�E\�KDOI�
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7KH�PHOWLQJ�UHILQLQJ�SURFHVV�LV�E\�IDU�WKH�PRVW�HQHUJ\�LQWHQVLYH�RI�WKH�SULPDU\�JODVVPDNLQJ
SURFHVVHV�DQG�LV�UHVSRQVLEOH�IRU�WKH�PDMRULW\�RI�HQHUJ\�FRQVXPSWLRQ���7KH�(QHUJ\�(IILFLHQF\
*URXS�H[DPLQHG�WKH�YDULRXV�PHOWLQJ�DQG�UHILQLQJ�VXESURFHVVHV�DQG�UHODWHG�DUHDV�WR�LGHQWLI\
WKH�PRVW�SURPLVLQJ�RSSRUWXQLWLHV�IRU�LQFUHDVHG�HQHUJ\�HIILFLHQF\���7KH�UHVXOWLQJ�WDUJHW�DUHDV
�VKRZQ�LQ�([KLELW������DUH�JURXSHG�ZLWKLQ�IRXU�FDWHJRULHV���UDZ�PDWHULDOV��PHOWHU�WHFKQRORJLHV�
SRVW�PHOWHU�SURFHVVHV��DQG�SURFHVV�LPSURYHPHQWV�

([KLELW�������7DUJHW�3URFHVV�$UHDV�IRU�,QFUHDVHG�(QHUJ\�(IILFLHQF\�LQ�WKH�*ODVV�,QGXVWU\

Raw Materials Melter Technolo gies Post-Melter Processes Process Improvements

3UHKHDW�EDWFK�DQG $LU�VHSDUDWLRQ $QQHDOLQJ $GGLWLRQDO�SODQW�FRVWV�
FXOOHW�PDWHULDOV PRWRUV��DLU��SURFHVV

3UH�WUHDWLQJ��LQMHFWLQJ
LQ�PHOWHU� 6XVSHQVLRQ�PHOWHU 7HPSHULQJ )DFLOLWLHV�PDQDJHPHQW

6L]H�RI�UDZ�PDWHULDOV ,QFUHDVH *ODVV�UHILQLQJ

:HW�PDWHULDOV�YV��GU\ WHFKQRORJ\ UHMHFWLRQ�UDWH�RI 5HGXFH�EDWFK�FDUU\
PDWHULDOV SURGXFW RYHU

&RPSRVLWLRQV�WKDW 3URGXFW�TXDOLW\ ,QFUHDVH�WKURXJKSXW
UHTXLUH�OHVV�HQHUJ\

0HOWHU )RUPLQJ VWHDP

�DOWHUQDWLYH�PHOWHUV�

1HZ�PHOWLQJ \LHOG�GHFUHDVH

2[\�ILUHG�IXUQDFH

8VH�RI�SURFHVV�KHDW

6WRUDJH�RI�SURGXFW

7UDQVSRUWLQJ�PDWHULDOV
IURP�IDFLOLW\�WR
FRQVXPHU

7HFKQRORJ\�%DUULHUV

%DUULHUV�WR�PRUH�HQHUJ\�HIILFLHQW�JODVVPDNLQJ�DUH�RI�WZR�PDLQ�W\SHV��WHFKQRORJLFDO�DQG
LQVWLWXWLRQDO���7HFKQRORJ\�EDUULHUV�DUH�FRPPRQO\�SRVHG�E\�LPPDWXUH�WHFKQRORJLHV�RU
VFLHQWLILFDOO\�XQH[SODLQHG�SURFHVVHV�WKDW�LPSHGH�WHFKQLFDO�DGYDQFHPHQW���5HPRYDO�RI�WKHVH
EDUULHUV�PD\�UHTXLUH�EDVLF��SLRQHHULQJ�UHVHDUFK¦WKH�W\SH�WKDW�LV�SDUWLFXODUO\�VXLWHG�WR
FROODERUDWLYH�HIIRUWV�

6XUSULVLQJO\��WKH�YDVW�PDMRULW\�RI�EDUULHUV�WR�PRUH�HQHUJ\�HIILFLHQW�JODVVPDNLQJ�FHQWHU�DURXQG
LQVWLWXWLRQDO�LVVXHV���7KHVH�LVVXHV�LQFOXGH�FRUSRUDWH�SHUFHSWLRQV�RU�SKLORVRSKLHV��FXUUHQW
LQYHVWPHQW�VWUDWHJLHV��DQG�FRQVXPHU�RSLQLRQV���7KHVH�EDUULHUV�PD\�EH�DV�GLIILFXOW�DQG
FKDOOHQJLQJ�DV�PDQ\�WHFKQRORJ\�SUREOHPV���(IIRUWV�WR�RYHUFRPH�WKHP�PD\�UHTXLUH�GLSORPDF\�
SV\FKRORJ\��SROLWLFDO�DFXPHQ��OHJDO�DVVLVWDQFH��DQG�GHWHUPLQDWLRQ�
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&OHDUO\��WKH�LQGXVWU\�ZLOO�QHHG�WR�DGGUHVV�ERWK�W\SHV�RI�EDUULHUV�WR�DFKLHYH�LWV�HQHUJ\�HIILFLHQF\
JRDO���$V�VKRZQ�LQ�([KLELW������WHFKQRORJ\�EDUULHUV�IDOO�LQWR�WZR�FDWHJRULHV��NQRZOHGJH�RI
JODVVPDNLQJ�SURFHVVHV�DQG�UHODWHG�WHFKQRORJLHV���,QVWLWXWLRQDO�EDUULHUV�LQFOXGH���LQGXVWU\
FKDUDFWHULVWLFV��IXQGLQJ�FRQVWUDLQWV��FRQVXPHU�LVVXHV��DQG�LQVWLWXWLRQDO�LVVXHV��

([KLELW�������7HFKQRORJ\�%DUULHUV�WR�$FKLHYLQJ�(QHUJ\�(IILFLHQF\�*RDOV
�0� �+LJK�3ULRULW\�

Knowled ge of
Glassmakin g Related Industry Fundin g Consumer Institutional

Processes Technolo gies Characteristics Constraints Issues Issues

1HHG�IRU�QHZ 1HHG�IRU�EHWWHU *ODVV�0DQXIDFWXUHUV +LJK�FRVW�WR /DFN�RI�SXEOLF 1R�LQFHQWLYH�IRU
PRGHOV�DQG UHIUDFWRULHV PHQWDOLW\ GHYHORS�DQG NQRZOHGJH�RI HOHFWULF�FRVW
LPSURYHPHQW�RI qq �� ODFN�RI�UDGLFDO LPSOHPHQW SURGXFW VDYLQJV�GXH�WR
H[LVWLQJ�PRGHOV DSSURDFKHV SURFHVV VSHFLILFDWLRQV SULFLQJ
� YDOLGDWLQJ +LJK�FRVW�RI � ODFN�RI�LQGXVWU\ WHFKQRORJ\
PRGHOV LQGXVWULDO�JDV FRRSHUDWLRQ qqqqq /DFN�RI ,QWHUQDWLRQDO

qq JHQHUDWLRQ � ODFN�RI�LQWHUHVW�LQ UHF\FOLQJ SROLWLFV�

1RQ�6WRNHV 1RQ�H[LVWHQW � ULVN�DYHUVLRQ UHEXLOGV��ORQJ�
UHILQLQJ�PHWKRGV HQDEOLQJ q OLYHG�DVVHWV /DFN�RI 1RQ�XQLIRUP
q WHFKQRORJLHV FRQVXPHU UHJXODWLRQV��LQ�86

+HDW�UHFRYHU\ XVH�FRPSDQ\ PDQDJHPHQW LQWHUQDWLRQDOO\�
�EDWFK��FXOOHW� WKLQNLQJ FULWHULD
SUHKHDWHUV� � HFRQRPLF 'LIILFXOW\�ZLWK
q 3RRU�SHUFHSWLRQ�RI PRGHOLQJ�RI ,62�����

/DFN�RI HQJLQHHUV WHFKQRORJLHV
GHYHORSPHQW�RI � ODFN�RI 'LVWUXVW�RI
RSWLPXP�UDZ /DFN�RI�LQWHUHVW�LQ ILQDQFLDO JRYHUQPHQW
PDWHULDO FRPPRQ�UHVHDUFK UHWXUQV LQWHUYHQWLRQ�DQG
PDWFKLQJ SDUWLFLSDWLRQ

/DFN�RI ZRUNHUV�RQ�SODQW WR�LPSOHPHQW
WHFKQRORJLHV�IRU IORRU NQRZQ
LPSURYLQJ�FXOOHW WHFKQRORJ\
TXDOLW\ 3URSULHWDU\�WKLQNLQJ

:D\V�WR�XVH IXQGV
§HYHU\WKLQJ�EXW
WKH�VTXHDO¨ /DFN�RI�SLORW�

/DFN�RI�XVH�DQG
GHYHORSPHQW�RI
FORVHG�ORRS
FRQWURO�V\VWHPV

%HWWHU�KHDW
WUDQVIHU�WR�WKH
JODVV

IXWXUH�WHFKQRORJLHV 7LPLQJ�RI UHZDUGV SURSULHWDU\�LVVXHV

7RR�PXFK�VLQJOH 5HVWULFWLYH HGXFDWLRQ DQG

LQGXVWU\�E\�QHZ QHZ FRPSOLDQFH

/DFN�RI�VNLOOHG /DFN�RI�FDSLWDO

/DFN�RI�5	'

VFDOH�IDFLOLWLHV

$�OLPLWHG�XQGHUVWDQGLQJ�RI�VRPH�DVSHFWV�RI�WKH�JODVVPDNLQJ�SURFHVV�LV�D�NH\�EDUULHU�WR
LPSURYHG�HQHUJ\�HIILFLHQF\���7KLV�ODFN�RI�XQGHUVWDQGLQJ�KDPSHUV�HIIRUWV�WR�LPSURYH�H[LVWLQJ
PRGHOV�DQG�GHYHORS�QHZ�RQHV�IRU�RSWLPL]LQJ�JODVVPDNLQJ�SURFHVVHV���,QVXIILFLHQW��NQRZOHGJH
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RI�WKH�SK\VLFDO�SURFHVVHV�LQ�JODVVPDNLQJ�SUHYHQWV�WKH�GHYHORSPHQW�RI�WHFKQLTXHV�IRU
RSWLPL]LQJ�WKH�XVH�RI�UDZ�PDWHULDOV�

5HODWHG�WHFKQRORJ\�EDUULHUV�LQFOXGH�SURFHVVHV�DQG�WHFKQRORJLHV�WKDW�DUH�YLWDO�WR�WKH�SURGXFWLRQ
RI�JODVV��EXW�ZKLFK�DUH�DOVR�XVHG�LQ�RWKHU�LQGXVWULHV���2QH�RI�WKH�PRVW�LPSRUWDQW�RI�WKHVH
EDUULHUV�LV�WKH�KLJK�FRVW�RI�DLU�VHSDUDWLRQ�WR�SURGXFH�R[\JHQ���$Q�LQH[SHQVLYH�VRXUFH�RI�SXUH
R[\JHQ�ZRXOG�DOORZ�HFRQRPLFDO�XVH�RI�R[\�IXHO�ILULQJ�LQ�IXUQDFHV��WKHUHE\�VLJQLILFDQWO\
GHFUHDVLQJ�12 �HPLVVLRQV�DQG�VSHFLILF�PHOWLQJ�FRVWV���$QRWKHU�LPSRUWDQW�FRQFHUQ�LV�WKH[

SHUIRUPDQFH�DQG�TXDOLW\�RI�H[LVWLQJ�UHIUDFWRU\�PDWHULDOV��ZKLFK�KDYH�D�UHODWLYHO\�VKRUW
SURGXFWLRQ�OLIH�DQG�DUH�H[SHQVLYH�WR�UHSODFH�

6RPH�FKDUDFWHULVWLFV�RI�WKH�JODVV�LQGXVWU\�FUHDWH�EDUULHUV�VXFK�DV�SUHYDLOLQJ�FRUSRUDWH
LQYHVWPHQW�SKLORVRSKLHV�DQG�ZRUN�IRUFH�LVVXHV���)RU�H[DPSOH��FRQVHUYDWLYH�EXVLQHVV�DSSURDFKHV
LQ�WKH�JODVV�LQGXVWU\�FRQVWLWXWH�D�NH\�EDUULHU�WR�WHFKQRORJ\�DGYDQFHPHQW���$V�D�ZKROH��WKH
LQGXVWU\�VKLHV�DZD\�IURP�UDGLFDO�DSSURDFKHV�WR�UHVHDUFK�DQG�H[KLELWV�DQ�DYHUVLRQ�WR�KLJK�ULVN�
UHJDUGOHVV�RI�SRWHQWLDO�SD\RII���7KH�LQGXVWU\�DOVR�KDV�GLIILFXOW\�LQ�UHFUXLWLQJ�QHZ�DQG�WDOHQWHG
ZRUNHUV�ZKR�FRXOG�VXSSRUW�PRUH�SURJUHVVLYH�UHVHDUFK�DQG�EXVLQHVV�RSSRUWXQLWLHV�

)XQGLQJ�FRQVWUDLQWV�ZLWKLQ�JODVV�FRPSDQLHV�FDQ�EH�WUDFHG�WR�WKH�SUDFWLFH�RI�VSHQGLQJ�D
UHODWLYHO\�VPDOO�SRUWLRQ�RI�IXQGV�RQ�SURFHVV�UHVHDUFK���7KH�KLJK�FRVW�DQG�ODFN�RI�FDSLWDO�WR
GHYHORS�DQG�LPSOHPHQW�WHFKQRORJLHV�LV�D�VLJQLILFDQW�FRQVWUDLQW�RQ�LQYHVWPHQWV�LQ�HQHUJ\
HIILFLHQF\���0DQ\�JODVV�FRPSDQLHV�DOVR�GR�QRW�UHFRJQL]H�WKH�EHQHILWV�RI�FKDQJLQJ�DQG
XSJUDGLQJ�WKHLU�H[LVWLQJ�SURFHVVHV�GXH�WR�WKH�OHQJWK\�WLPH�UHTXLUHPHQWV�IRU�UHEXLOGV�DQG�WKH
ORQJ�OLIH�RI�FDSLWDO�DVVHWV�

6RPH�EDUULHUV�WR�LPSURYLQJ�HQHUJ\�HIILFLHQF\�OLH�ZLWK�WKH�FRQVXPHU���&RQVXPHUV�DUH�JHQHUDOO\
XQDZDUH�RI�WKH�FRVWV�RI�SURGXFLQJ�JODVV�IURP�UHF\FOHG�PDWHULDOV�DV�RSSRVHG�WR�WKH�FRVW�RI�XVLQJ
UDZ�PDWHULDO�VRXUFHV���5HZDUGV�IRU�FRQVXPHUV�ZKR�DFWLYHO\�UHF\FOH�DUH�JHQHUDOO\�PHDJHU�
UHVXOWLQJ�LQ�ORZ�SDUWLFLSDWLRQ�

,QVWLWXWLRQDO�EDUULHUV�LQFOXGH�H[WHUQDO�IDFWRUV��VXFK�DV�JRYHUQPHQW�UHJXODWLRQV���)RU�H[DPSOH�
WKH�QRQ�XQLIRUPLW\�RI�LQWHUQDWLRQDO�DQG�GRPHVWLF�UHJXODWLRQV�DV�ZHOO�LQWHUQDWLRQDO�SROLWLFV�DQG
SURSULHWDU\�LVVXHV�FDQ�FUHDWH�EDUULHUV�WR�GHYHORSPHQW�RI�PRUH�HIILFLHQW�WHFKQRORJLHV���7KH�QHHG
WR�FRPSO\�ZLWK�LQWHUQDWLRQDO��H�J���,62�������DQG�GRPHVWLF�VWDQGDUGV�FDQ�DOVR�OLPLW�WKH�ZD\
WHFKQRORJ\�LV�GHYHORSHG�

5HVHDUFK�1HHGV

7KH�WHFKQRORJ\�UHVHDUFK�QHHGHG�WR�RYHUFRPH�H[LVWLQJ�EDUULHUV�WR�WKH�LQGXVWU\ªV�HQHUJ\
HIILFLHQF\�JRDOV�DUH�VKRZQ�LQ�([KLELW�������5HVHDUFK�WLPH�IUDPHV�WKDW�KHOS�WR�TXDQWLI\�WKH
OLNHOLKRRG�RI�ZKHQ�WHFKQRORJLHV�ZLOO�EHFRPH�FRPPHUFLDOO\�DYDLODEOH�DUH�DOVR�GLVSOD\HG���7KH
IROORZLQJ�GHILQLWLRQV�FDQ�EH�DSSOLHG�
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([KLELW�������0DMRU�5HVHDUFK�1HHGV�IRU�(QHUJ\�(IILFLHQF\



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

& 1HDU�7HUP���WHFKQRORJLHV�WKDW�ZLOO�EHFRPH�FRPPHUFLDOO\�DYDLODEOH�LQ�]HUR�WR�WKUHH�\HDUV
& 0LG�7HUP���WHFKQRORJLHV�WKDW�ZLOO�EHFRPH�DYDLODEOH�LQ�WKUHH�WR�WHQ�\HDUV
& /RQJ�7HUP���WHFKQRORJLHV�WKDW�ZLOO�EHFRPH�DYDLODEOH�DIWHU�PRUH�WKDQ�WHQ�\HDUV
& $OO�7LPH�)UDPHV���UHVHDUFK�DUHDV�WKDW�ZLOO�UHVXOW�LQ�LPSURYHG�FRPPHUFLDO�WHFKQRORJLHV�LQ�]HUR
WR�WKUHH�\HDUV��EXW�ZLOO�FRQWLQXH�WR�EH�PDMRU�DUHDV�RI�UHVHDUFK�LQWHUHVW�IRU�WKH�PLG�DQG�ORQJ
WHUP

5HVHDUFK�WKDW�FRUUHVSRQGV�WR�DOO�WLPH�IUDPHV�LQFOXGHV�SULPDULO\�SURMHFWV�WKDW�DGGUHVV�WKH�EDVLF
JODVVPDNLQJ�SURFHVVHV���5HVHDUFK�SULRULWLHV�VXFK�DV�FRPEXVWLRQ�5	'�DQG�JDV�VHSDUDWLRQ��PRUH
DFFXUDWH�PHOWHU�PRGHOV��DQG�ZDVWH�PLQLPL]DWLRQ�DUH�DOO�IXQGDPHQWDO�UHVHDUFK�DUHDV�WKDW�ZLOO
FRQWLQXH�WR�EH�VWXGLHG�ZHOO�LQWR�WKH�QH[W�FHQWXU\���1HDU�WHUP�UHVHDUFK�QHHGV�JHQHUDOO\�IRFXV�RQ
SURFHVV�FRQWURO�DQG�RSWLPL]DWLRQ��DV�ZHOO�DV�GHYHORSPHQW�RI�PRUH�DFFXUDWH�PRGHOV�IRU�IXUQDFHV�
IRUH�KHDUWK�GHOLYHU\�V\VWHPV��DQG�JODVV�IRUPLQJ���0LG�WHUP�UHVHDUFK�QHHGV�KDYH�D�IDLUO\�EURDG
VFRSH��VXFK�DV�WKH�GHYHORSPHQW�RI�DOWHUQDWH�PDWHULDOV�WR�UHSODFH�SUHFLRXV�PHWDOV�RU
GHYHORSPHQW�RI�EHWWHU�HOHFWURGH�PDWHULDOV�IRU�PHOWHUV���7KLV�UHVHDUFK�FRXOG�SRWHQWLDOO\�EHQHILW
QRW�RQO\�WKH�JODVV�LQGXVWU\��EXW�RWKHU�PDQXIDFWXULQJ�DUHDV�WKDW�HPSOR\�WKH�FDWDO\WLF�DQG
HOHFWURFKHPLFDO�SURFHVVHV���/DVWO\��WKH�ORQJ�WHUP�QHHGV�LQFOXGHV�UHVHDUFK�WKDW�ZRXOG�FRPSOHWHO\
FKDQJH�WKH�ZD\�JODVV�LV�PDQXIDFWXUHG��VXFK�DV�DOWHUQDWH�JODVVPDNLQJ�WHFKQRORJLHV�DQG�QRQ�
WUDGLWLRQDO�UHILQLQJ�WHFKQLTXHV�

3D\RII�DQG�5LVN

7KH�SD\RII�YHUVXV�ULVN�FKDUW��VKRZQ�LQ�([KLELW������IXUWKHU�GHILQHV�UHVHDUFK�SULRULWLHV�DQG
EHQHILWV���5LVN�LV�GHILQHG�DV�WKH�SUREDELOLW\�WKDW�WKH�UHVHDUFK�ZLOO�UHVXOW�LQ�D�VXFFHVVIXO�RXWFRPH�
SD\RII�LV�LQWHUSUHWHG�DV�D�PHDVXUH�RI�FRPPHUFLDO�VXFFHVV�VXFK�DV�LQFUHDVHG�JODVV�VKLSPHQWV�DQG
SURILWDELOLW\�

7KH�FKDUW�LV�VHSDUDWHG�LQWR�IRXU�TXDGUDQWV�WR�KHOS�GLVSOD\�UHODWLYH�DUHDV�RI�SD\RII�DQG�ULVN���7KH
KLJK�ULVN�ORZ�SD\RII�TXDGUDQW�LV�HPSW\��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�UHVHDUFK�LQYHVWPHQW
SKLORVRSK\�RI�PRVW�FDSLWDO�LQWHQVLYH�SURFHVV�LQGXVWULHV���,W�LV�SDUWLFXODUO\�WUXH�IRU�WKH�JODVV
LQGXVWU\�VLQFH�PDQ\�RI�WKH�SURFHVVHV�LQYROYHG�LQ�JODVVPDNLQJ�DUH�PDWXUH�DQG�PDQ\�RI�WKH�ORZ�
SD\RII�WHFKQRORJLHV�KDYH�DOUHDG\�EHHQ�GHYHORSHG�

7KH�PDMRULW\�RI�WKH�UHVHDUFK�SULRULWLHV�IDOO�LQWR�WKH�KLJK�SD\RII�DUHD�RI�WKH�FKDUW���7KH�KLJK�
SD\RII�KLJK�ULVN�TXDGUDQW�FRQWDLQV�PDQ\�RI�WKH�ORQJ�WHUP�UHVHDUFK�SURMHFWV�WKDW�ZHUH
GHWHUPLQHG�WR�EH�WRS�DQG�KLJK�SULRULWLHV���7KH�SURMHFWV�WKDW�IDOO�LQWR�WKH�FDWHJRU\�RI�ORQJ�WHUP
DQG�KLJK�ULVN�UHVHDUFK�FRXOG�EH�DSSURSULDWH�IRU�JRYHUQPHQW�VXSSRUW�WKURXJK�XQLYHUVLWLHV�DQG
LQGXVWU\���6HYHUDO�RI�WKHVH�KLJK�SD\RII�SURMHFWV�WKDW�LQYROYH�WKH�GHYHORSPHQW�RI�LPSURYHG
PRGHOV�IRU�JODVVPDNLQJ�PD\�EHQHILW�IURP�D�FXUUHQW�UHVHDUFK�SURMHFW�WKDW�LV�EHLQJ�FRQGXFWHG�DW
WKH�&HQWHU�IRU�*ODVV�5HVHDUFK�ZLWK�IXQGLQJ�IURP�2,7�DQG�SDUWLFLSDWLRQ�E\����JODVV
PDQXIDFWXUHUV���7KH�SURMHFW�LV�GHVLJQHG�WR�SURGXFH�D�FRPSUHKHQVLYH�DQG�UHOLDEOH�GDWDEDVH�IRU
HLJKW�LPSRUWDQW�SURSHUWLHV�LQ�JODVV�IRUPLQJ�PHOWV���7KH�ILQDO�GDWDEDVH�ZLOO�DOORZ�IRU�IXOO�XVH�RI
QXPHULFDO�VLPXODWLRQ�PRGHOV�E\�D�EURDG�FURVV�VHFWLRQ�RI�WKH�JODVV�LQGXVWU\�
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3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�:RUN�*URXS

'U��.DQZDO�%KDWLD )RUG�0RWRU�&RPSDQ\
'U��&KDUOHV�'UXPPRQG 2KLR�6WDWH�8QLYHUVLW\
0U��.HYLQ�)D\ 33*�,QGXVWULHV
0U��0LFKDHO�*UHHQPDQ &DUU�/RZUH\
0U��7KHRGRUH�-RKQVRQ 8�6��'HSDUWPHQW�RI�(QHUJ\
0U��2WWR�-RQHV &HUWDLQ7HHG
0U��.ZDNX�.RUDP )RUG�0RWRU�&RPSDQ\
0U��-HII�/RZU\ 7HFKQHJODV��,QF�
0U��3KLOLS�5RVV *ODVV�,QGXVWU\�&RQVXOWLQJ

� (QYLURQPHQWDO
3URWHFWLRQ�DQG�5HF\FOLQJ

7KH�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�*URXS�IRFXVHG�RQ�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�WR
UHGXFH�HPLVVLRQV�DQG�ZDVWH�LQ�WKH�JODVV�LQGXVWU\�WKURXJK�OHDQHU�DQG�FOHDQHU�SURGXFWLRQ�DQG
SURFHVVLQJ�DV�ZHOO�DV
LQFUHDVHG�UHF\FOLQJ���7KH
JURXS�H[DPLQHG�DOO�IDFHWV�RI
WKH�LQGXVWU\ªV�LPSDFW�RQ�WKH
HQYLURQPHQW�DQG�DVVHVVHG
YDULRXV�DSSURDFKHV�WR
HQYLURQPHQWDO�SURWHFWLRQ�DV
SDUW�RI�LWV�HIIRUW�WR�LGHQWLI\
DQG�SULRULWL]H�WKH�LQGXVWU\ªV
PRVW�LPSRUWDQW�UHVHDUFK�DQG
GHYHORSPHQW�QHHGV�LQ�WKH
DUHD���*URXS�PHPEHUV
LQFOXGHG�UHSUHVHQWDWLYHV
IURP�DOO�VHJPHQWV�RI�WKH
JODVV�LQGXVWU\�ZLWK�WKH�H[FHSWLRQ�RI�FRQWDLQHUV���8QLYHUVLW\�UHVHDUFKHUV�DQG�WKH�8�6�
'HSDUWPHQW�RI�(QHUJ\�ZHUH�DOVR�UHSUHVHQWHG�

,Q�PDQ\�UHJDUGV��WKH�JODVV�LQGXVWU\�LV�UHODWLYHO\�JHQWOH�RQ�WKH�HQYLURQPHQW���,WV�SULPDU\�UDZ
PDWHULDO�LV�LQ�DEXQGDQW�VXSSO\��DQG�JODVV�SURGXFWV�DUH�����SHUFHQW�UHF\FODEOH���5HODWLYH�WR�RWKHU
LQGXVWULHV��JODVV�PDQXIDFWXULQJ�SURFHVVHV�DUH�DOVR�IDLUO\�EHQLJQ�ZLWK�WKH�H[FHSWLRQ�RI�12[

HPLVVLRQV���1HYHUWKHOHVV��HQYLURQPHQWDO�LVVXHV�DUH�RI�JURZLQJ�FRQFHUQ�WR�WKH�LQGXVWU\���7KH
UHGXFWLRQ�RI�XQGHVLUDEOH�ZDVWHV�DQG�HPLVVLRQV�LV�D�FHQWUDO�FRPSRQHQW�RI�WKH�JODVV�LQGXVWU\
YLVLRQ�

2YHU�WKH�SDVW�VHYHUDO�GHFDGHV��WKH�LQGXVWU\�KDV�KDG�WR�PRGLI\�LWV�SURFHVVHV�DQG�DGG�HTXLSPHQW
WR�FRPSO\�ZLWK�LQFUHDVHG�JRYHUQPHQW�UHVWULFWLRQV�RQ�WKH�HPLVVLRQV�RI�12 ��62 ��DQG[ [

SDUWLFXODWHV���7KHVH�FKDQJHV�KDYH�LQFUHDVHG�RSHUDWLQJ�FRVWV�DQG�UHGXFHG�WKH�DYDLODELOLW\�RI
FDSLWDO�IRU�RWKHU�SURFHVV�LPSURYHPHQWV���,Q�ORRNLQJ�WR�WKH�IXWXUH��WKH�LQGXVWU\�H[SHFWV�D
FRQWLQXDWLRQ�RI�FXUUHQW�WUHQGV�WRZDUG�PRUH�VWULQJHQW�SROOXWLRQ�FRQWURO�UHJXODWLRQV�DQG�KLJKHU
ZDVWH�GLVSRVDO�FRVWV���7KHUH�LV�DOVR�FRQFHUQ�WKDW�IXWXUH�UHJXODWLRQV�PD\�IRUFH�WKH�LQGXVWU\�WR
FRQWURO�DGGLWLRQDO�W\SHV�RI�HPLVVLRQV�RU�SURYLGH�IRU�WKH�UHF\FOLQJ�RU�UHXVH�RI�DOO�SURGXFWV���%\



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

LGHQWLI\LQJ�DQG�GHYHORSLQJ�WKH�WHFKQRORJLHV�WR�DGGUHVV�WKHVH�FRQFHUQV�LQ�D�SUR�DFWLYH�PRGH��WKH
LQGXVWU\�ZLOO�EH�DEOH�WR�FRVW�HIIHFWLYHO\�FRSH�ZLWK�IXWXUH�UHJXODWLRQV���$W�WKH�VDPH�WLPH��WKH
LQGXVWU\�FDQ�WDNH�DGYDQWDJH�RI�WKH�EURDGHU�HFRQRPLF�EHQHILWV�RI�FOHDQHU�WHFKQRORJLHV��LQFOXGLQJ
PRUH�HIILFLHQW�XVH�RI�UHVRXUFHV��LPSURYHG�ZRUNHU�KHDOWK�DQG�VDIHW\��DQG�HQKDQFHG�SXEOLF
LPDJH�

(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�7DUJHWV

7R�HIIHFWLYHO\�SODQ�UHVHDUFK�IRU�LPSURYHG�HQYLURQPHQWDO�SHUIRUPDQFH��WKH�LQGXVWU\�PXVW�ILUVW
FODULI\�LWV�DSSURDFK�WR�WKH�SUREOHPV�RI�HQYLURQPHQWDO�SURWHFWLRQ�DQG�UHF\FOLQJ���$�YDULHW\�RI
VWUDWHJLHV�DUH�FXUUHQWO\�LQ�YRJXH��EXW�PD\�OHDG�WHFKQRORJ\�GHYHORSPHQW�LQ�GLIIHUHQW�GLUHFWLRQV��
7KH�JURXS�WKHUHIRUH�H[SORUHG�WKH�EHQHILWV�RI�YDULRXV�DSSURDFKHV�DQG�RXWOLQHG�WKH�FRPSRQHQWV
LQYROYHG�

(QYLURQPHQWDO�3URWHFWLRQ�HQFRPSDVVHV�KHDOWK��VDIHW\��DQG�HFRORJ\���$Q�LPSRUWDQW�DVSHFW�RI
HQYLURQPHQWDO�SURWHFWLRQ�LV�SROOXWLRQ�SUHYHQWLRQ¦WKH�UHGHVLJQ�RI�SURFHVVHV�DQG�SURGXFWV�WR
PLQLPL]H�WKH�JHQHUDWLRQ�RI�ZDVWH�DQG�SROOXWDQW�HPLVVLRQV���3ROOXWLRQ�SUHYHQWLRQ�LV�NH\�WR
SURWHFWLQJ�WKH�HQYLURQPHQW�DQG�LV�SUHIHUUHG�WR�UHF\FOLQJ���*ODVV�LQGXVWU\�VSHQGLQJ�RQ
HQYLURQPHQWDO�SURMHFWV�FRQWLQXHV�WR�EH�SULPDULO\�GULYHQ�E\�UHDFWLRQ�WR�VWDWH�DQG�IHGHUDO
UHJXODWLRQV���,QGXVWU\�DGRSWLRQ�RI�D�PRUH�SUR�DFWLYH�DQG�XQLILHG�SROOXWLRQ�SUHYHQWLRQ�DSSURDFK
WR�HQYLURQPHQWDO�SURWHFWLRQ�PD\�SURGXFH�WZR�NH\�EHQHILWV������ORZHU�SURGXFWLRQ�FRVWV�DORQJ
ZLWK�UHGXFHG�HPLVVLRQV�DQG����LPSURYHG�LQGXVWU\�VWDQGLQJ�LQ�WKH�UHJXODWRU\�SURFHVV��ZLWK
JUHDWHU�RSSRUWXQLW\�WR�H[SUHVV�WKH�LQGXVWU\ªV�YLHZSRLQW�RQ�WKH�QHHG�IRU�FRVW�HIIHFWLYH��XQLIRUP�
SURFHVV�EDVHG�HPLVVLRQ�WDUJHWV�

5HF\FOLQJ�RI�JODVV�SURGXFWV�LV�SDUW�RI�WKH�ODUJHU�FRQFHSW�NQRZQ�DV�SURGXFW�VWHZDUGVKLS��ZKLFK
HQWDLOV�FUDGOH�WR�JUDYH�PDQDJHPHQW�RI�LQGXVWU\�SURGXFWV���$OWKRXJK�WKLV�LV�D�FRPPHQGDEOH�JRDO�
WKH�OHYHO�RI�SURGXFW�VWHZDUGVKLS�WKDW�WKH�JODVV�LQGXVWU\�DV�D�ZKROH�FDQ�WHFKQLFDOO\�DQG�RU
HFRQRPLFDOO\�DVVXPH�LV�GLIILFXOW�WR�DVFHUWDLQ���0DQ\�(XURSHDQ�FRXQWULHV�KDYH�LPSOHPHQWHG
SURGXFW�SDFNDJLQJ�UHFRYHU\�UHJXODWLRQV�ZLWKRXW�WKH�WHFKQRORJ\�DQG�LQIUDVWUXFWXUH�QHFHVVDU\
IRU�LQGXVWU\�WR�FRPSO\�ZLWK�WKHP���:KLOH�SURGXFW�VWHZDUGVKLS�PD\�EH�D�ORQJ�WHUP�JRDO�
VLJQLILFDQW�DPRXQWV�RI�5	'�DUH�QHHGHG�WR�PDNH�LW�D�FRVW�HIIHFWLYH�UHDOLW\���&XUUHQW�UHJXODWLRQ�LV
QRW�DQ�LPSRUWDQW�GULYHU�RI�UHF\FOLQJ�LQ�WKH�8QLWHG�6WDWHV��EXW�WKLV�PD\�FKDQJH�LI�ODQGILOO�FRVWV
ULVH�VLJQLILFDQWO\�RU�LI�UHJXODWRU\�DJHQFLHV�LQFUHDVH�WKHLU�DWWHQWLRQ�WR�SURGXFW�VWHZDUGVKLS
LVVXHV���/LIH�F\FOH�DQDO\VLV�ZLOO�EH�DQ�LPSRUWDQW�WRRO�IRU�HYDOXDWLQJ�WKH�HFRQRPLFV�RI�WKH�YDULRXV
UHF\FOLQJ�SURGXFW�VWHZDUGVKLS�RSWLRQV�IRU�GLIIHUHQW�VHJPHQWV�RI�WKH�JODVV�LQGXVWU\�

$V�UHF\FOLQJ�RSWLRQV�DUH�FRQVLGHUHG��WKH�LQGXVWU\�VKRXOG�VWULYH�IRU�WKH�KLJKHVW�XVH�RI�D�PDWHULDO��
0L[LQJ�PDWHULDOV�IURP�GLIIHUHQW�LQGXVWU\�VHJPHQWV�RU�SURGXFWV�UHVXOWV�LQ�GRZQJUDGLQJ�WKH
SRVVLEOH�XVHV�IRU�WKH�UHF\FOHG�PDWHULDO���7KH�LQGXVWU\�VKRXOG�WKHUHIRUH�PDNH�LWV�IRFXV�KLJK�
YDOXH�UHF\FOLQJ�UDWKHU�WKDQ�§GHIHUUHG�ODQGILOOLQJ¨�RU�§GRZQ�F\FOLQJ�¨

&RPSRQHQWV�RI�WKH�FKDOOHQJHV�RU�RSSRUWXQLWLHV�LQ�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�DUH
OLVWHG�LQ�([KLELW�����
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([KLELW�������&RPSRQHQWV�RI�(QYLURQPHQWDO
3URWHFWLRQ�DQG�5HF\FOLQJ

Environmental Protection Recyclin g

$LU
��12[

��62[

��&2�

��92&V��9RODWLOH�2UJDQLF
���&RPSRXQGV�
��3DUWLFXODWH
��+$3V��+D]DUGRXV�$LU
����3ROOXWDQWV�

:DWHU
��6XVSHQGHG�6ROLGV
��'LVVROYHG�6ROLGV
��7KHUPDO

6ROLG
��+D]DUGRXV
��1RQ�+D]DUGRXV

(UJRQRPLFV
��,Q�3ODQW�7HPSHUDWXUH
��1RLVH
��([SRVXUH�WR�6XEVWDQFHV

3URGXFW
��3UH�&RQVXPHU
��3RVW�&RQVXPHU

0DQXIDFWXULQJ�:DVWH
��5DZ�0DWHULDOV
��3DFNDJLQJ
��/XEULFDWLRQ
��3DLQW�	�'HFRUDWLRQ
��&OHDQLQJ
��3ROOXWLRQ�&RQWURO
���:DVWHV
��6SHQW�)LQLVKLQJ�:DVWHV

)XWXUH�&RQFHUQV
��30�������PLFURQV

5HVHDUFK�WR�LPSURYH
HQYLURQPHQWDO�SURWHFWLRQ�DQG
UHF\FOLQJ�ZLOO�GLUHFWO\�VXSSRUW
ILYH�RI�WKH�HLJKW�JODVV�LQGXVWU\
JRDOV�VHW�IRUWK�LQ�WKH�YLVLRQ
VWDWHPHQW��UHIHU�WR�([KLELW�������
6SHFLILFDOO\��DGYDQFHV�LQ�WKH�DUHD
RI��HQYLURQ�PHQWDO�SURWHFWLRQ
ZLOO�KHOS�WR�UHGXFH�QRW�RQO\
SURFHVV�HQHUJ\�XVH�EXW�DOVR�DLU
DQG�ZDWHU�HPLVVLRQV��*RDOV��
DQG������$GYDQFHV�LQ�UHF\FOLQJ
DQG�UHFRYHU\�ZLOO�HQDEOH�WKH
LQGXVWU\�WR�UHF\FOH�DOPRVW�DOO
JODVV�LQ�WKH�PDQXIDFWXULQJ
SURFHVV ��UHFRYHU��UHF\FOH��DQG�

PLQLPL]H�DOO�DYDLODEOH�SRVW�
FRQVXPHU�JODVV��DQG�LQFUHDVH
SDUWQHUVKLSV�DPRQJ�VXSSOLHUV
DQG�FXVWRPHUV��*RDOV�������DQG���
UHVSHFWLYHO\����6LQFH�FRUROODU\
�QRQ�JODVV��PDWHULDOV�DUH�QRW
GLUHFWO\�DGGUHVVHG�E\�WKH
H[LVWLQJ�JRDOV��*RDO���VKRXOG�EH
H[SDQGHG�WR�LQFOXGH
GHYHORSPHQW�RI�DOWHUQDWLYH�XVHV
IRU�RWKHU�E\�SURGXFWV�RI�JODVV
PDQXIDFWXUH��H�J���UHIUDFWRULHV��

7HFKQRORJ\�%DUULHUV

7R�DFKLHYH�HQYLURQPHQWDO�SURWHFWLRQ�JRDOV��WKH�LQGXVWU\�PXVW�RYHUFRPH�VLJQLILFDQW�EDUULHUV
DVVRFLDWHG�ZLWK�WKH�JODVV�PHOWLQJ�SURFHVV��WKH�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�HPLVVLRQV��DQG
UHJXODWLRQV���$V�VKRZQ�LQ�([KLELW������PRVW�RI�WKHVH�EDUULHUV�FRPH�XQGHU�WKH�ILUVW�WZR
FDWHJRULHV��ZKLFK�DUH�FORVHO\�UHODWHG�DQG�FRQWDLQ�VRPH�RYHUODS���7KH�JODVV�LQGXVWU\�DOVR�IDFHV�D
QXPEHU�RI�REVWDFOHV�WR�DWWDLQLQJ�LWV�JRDOV�LQ�WKH�DUHD�RI�UHF\FOLQJ�RU�UHFRYHU\�DQG�UHXVH�

$OWKRXJK�SURJUHVV�WRZDUG�FOHDQHU�SURFHVVLQJ�LV�KHOG�EDFN�E\�WKH�ODFN�RI�VHQVRUV��PHDVXUHPHQW
GHYLFHV��LQVWUXPHQWDWLRQ��DQG�FRQWURO�WHFKQRORJLHV��WKH�ODUJHVW�SUREOHP�LV�WKH�FXUUHQW�PHOWLQJ
DQG�UHILQLQJ�WHFKQRORJ\�LWVHOI���0XFK�RI�WKH�FXUUHQW�WHFKQRORJ\�WR�SURGXFH�JODVV�LV�TXLWH�ROG�DQG
QHZ�WHFKQRORJ\�LV�VRUHO\�QHHGHG���,Q�WKH�DEVHQFH�RI�D�QHZ�IXUQDFH�WHFKQRORJ\��EHWWHU�SURFHVV�
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([KLELW�������7HFKQRORJ\�%DUULHUV�WR�$FKLHYLQJ
(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�*RDOV

�0� �+LJK�3ULRULW\�

Process Emissions Re gulation Recovery and Reuse

Fundamental
Understandin g of

/DFN�RI�SURFHVV�FRQWURO )XHOV�XVHG��(QHUJ\� *RYHUQPHQW�UHJXODWLRQV /DFN�RI�WUDFNLQJ
DQG�LQVWUXPHQWDWLRQ� � OLQN�WR�SURFHVV DFW�WR�LQKLELW�VRPH WHFKQRORJ\�IRU�UHFRYHU\
0 WHFKQRORJLHV

7KHRUHWLFDO�OLPLWV�RI SURFHVV�PHFKDQLVPV VWDQGDUGV GHSHQGHQFH�RI�JODVV
SURFHVV�HIILFLHQF\ LQIOXHQFLQJ�SDUWLFXODWHV � VWDWH�YV��IHGHUDO��QRQ�

/DFN�RI�VHOHFWLYH�SURFHVV SRVW�FRQVXPHU�ZDVWH
VHQVRUV /DFN�RI�SUHGLFWLYH /DFN�RI�FHQWUDO�LQGXVWU\ 0

)XHO�HIILFLHQF\�DQG JRYHUQPHQW LQGXVWULHV�XQGHU�WKH
DGDSWDELOLW\ 0RGHOLQJ�LQDGHTXDFLHV ,QGXVWULHV�RI�WKH

,QHIILFLHQW�KHDW�UHFRYHU\ GULYHUV

0RGHOLQJ�LQDGHTXDFLHV GHSHQGHQFH�RI�JODVV 8QHYHQ�HQIRUFHPHQW�RI 0

IRU�FRPEXVWLRQ 0 UHJXODWLRQV

+LJK�FRVW�RI�R[\JHQ 1DWXUH�RI�KD]DUGRXV 0LVJXLGHG�UHJXODWLRQV V\VWHP��FROOHFWLRQ
SURGXFWLRQ�IRU�R[\�IXHO PDWHULDOV
ILULQJ 0 7HFKQRORJ\�IRU
0 � FDUFLQRJHQLF� FKDUDFWHUL]LQJ�FKHPLFDO

3URGXFWLRQ�RI�E\� � DLU RI�JODVV
SURGXFWV�DQG � HWF�
FRQWDPLQDWLRQ &RVW�HIIHFWLYHQHVV�RI

%URDGHU�FRPSRVLWLRQDO PDWHULDOV��ODFN�RI 0

UDQJH XQGHUVWDQGLQJ�

/DFN�RI�FRVW�HIIHFWLYH /DFN�RI�XQGHUVWDQGLQJ�RI DWWLWXGHV�WR�UHF\FOH�YV�
ZDWHU�WUHDWPHQW PROG�UHOHDVH�FKHPLVWU\� UHXVH
WHFKQRORJ\ HPLVVLRQV

7HFKQRORJLHV�WR�FRQWURO 0HDVXUHPHQW�WHFKQRORJ\
&2 �HPLVVLRQV IRU�HPLVVLRQV�

/DFN�RI�PHDVXUHPHQW 8QGHUVWDQGLQJ�RI�PHOWLQJ
WHFKQRORJ\�IRU�HPLVVLRQV DQG�UHILQLQJ�WHFKQRORJ\
�ORZ�FRVW�

&XUUHQW�PHOWLQJ�DQG
UHILQLQJ�WHFKQRORJ\
SURGXFHV�HPLVVLRQV
0

/DFN�RI�XQGHUVWDQGLQJ�RI � PLQLPXP�HPLVVLRQ &RPSRVLWLRQ�

0 XQLIRUP� 6HSDUDWLRQ�DQG�VRUWLQJ�RI

HPLVVLRQV�PRGHOLQJ�WRROV JURXS�WR�LQWHUDFW�ZLWK � LPSOLFDWLRQV�IRU�RWKHU

IRU�FRPEXVWLRQ 0RYLQJ�UHJXODWRU\ )XWXUH�LQLWLDWLYH

&RPSRVLWLRQ�� (FRQRPLFV�RI�UHF\FOH

� ILEURXV DQG�SK\VLFDO�SURSHUWLHV

&KHPLVWU\�RI�WUHDWLQJ EHQHILFLDWLRQ

5HYHUVH�GLVWULEXWLRQ

,QGXVWU\�DQG�FRQVXPHU
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FRQWUROV�DQG�LQVWUXPHQWDWLRQ�DUH�UHTXLUHG�WR�UHGXFH�HPLVVLRQV���7KH�R[\�IXHO�IXUQDFH��ZKLFK
SUHVHQWV�WKH�PRVW�FRVW�HIIHFWLYH�DOWHUQDWH�WHFKQRORJ\�IRU�ODUJH��KLJK�WKURXJKSXW�IXUQDFHV�
UHGXFHV�12 �HPLVVLRQV�EXW�KDV�RWKHU�RSHUDWLRQDO�GUDZEDFNV¦SULPDULO\�WKH�KLJK�FRVW�RI�R[\JHQ[

SURGXFWLRQ���7KH�UHODWLYHO\�QDUURZ�FRPSRVLWLRQDO�UDQJH�IRU�JODVV�DOVR�FRQWULEXWHV�WR�HPLVVLRQV
SUREOHPV���2WKHU�LPSRUWDQW�SURFHVV�UHODWHG�SUREOHPV�LQFOXGH�LQDGHTXDWH�FRPEXVWLRQ�PRGHOV�
LQHIILFLHQW�KHDW�UHFRYHU\��DQG�LQHIILFLHQW�DQG�QRQIOH[LEOH�IXHO�XVH�

7KH�LQGXVWU\�ZRXOG�EH�EHWWHU�HTXLSSHG�WR�UHGXFH�HPLVVLRQV�LI�LW�KDG�D�VWURQJHU�XQGHUVWDQGLQJ
RI�WKH�IRUPDWLRQ�DQG�IDWH�RI�HPLVVLRQV�LQ�FXUUHQW�PHOWLQJ�DQG�UHILQLQJ�WHFKQRORJLHV���$�EHWWHU
XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDO�SURFHVV�PHFKDQLVPV�DQG�FKHPLVWULHV�LV�QHHGHG�EHIRUH�WKHVH
WHFKQRORJLHV�FDQ�EH�VLJQLILFDQWO\�FKDQJHG�WR�LPSURYH�WKHLU�HQYLURQPHQWDO�SHUIRUPDQFH���,Q�WKLV
UHJDUG��WKUHH�SUREOHPV�VWDQG�RXW���)LUVW��D�ODFN�RI�XQGHUVWDQGLQJ�RI�WKH�SURFHVV�PHFKDQLVPV
LQIOXHQFLQJ�WKH�IRUPDWLRQ�RI�SDUWLFXODWHV�KLQGHUV�GHYHORSPHQW�RI�D�FOHDQHU�V\VWHP���6HFRQG��WKH
LQGXVWU\�KDV�DQ�LQDGHTXDWH�XQGHUVWDQGLQJ�RI�WKH�KD]DUGRXV�PDWHULDOV�FUHDWHG��ZKLFK�PDNHV�LW
GLIILFXOW�WR�DYRLG�WKHLU�SURGXFWLRQ�RU�GHYHORS�EHWWHU�WUHDWPHQW�PHWKRGV���7KLUG��D�EHWWHU
XQGHUVWDQGLQJ�RI�WKH�FRPSRVLWLRQ�GHSHQGHQFH�RI�JODVV�FRXOG�IDFLOLWDWH�HQYLURQPHQWDO
SURWHFWLRQ�HIIRUWV���2WKHU�DVSHFWV�RI�WKLV�IXQGDPHQWDO�SUREOHP�LQFOXGH�WKH�ODFN�RI�SUHGLFWLYH
HPLVVLRQV�PRGHOLQJ�WRROV�DQG�H[LVWLQJ�WHFKQRORJ\�EDVHG�UHVWULFWLRQV�RQ�WKH�W\SHV�RI�IXHOV�WKDW
FDQ�EH�XVHG�IRU�SURFHVVLQJ�

5HJXODWLRQV�RIWHQ�VHW�IRUWK�LQIOH[LEOH�HPLVVLRQV�VWDQGDUGV�DW�OHYHOV�WKDW�PD\�EH�WHFKQLFDOO\
IHDVLEOH�EXW�QRW�HFRQRPLFDOO\�IHDVLEOH���([SHQGLWXUHV�XVHG�WR�PHHW�WKHVH�UHJXODWLRQV�PD\�LQKLELW
LQGXVWU\ªV�DELOLW\�WR�LQYHVW�LQ�WKH�GHYHORSPHQW�RI�QHZ�WHFKQRORJLHV�RU�SURFHVVHV�WKDW�PD\�EH
PRUH�HIIHFWLYH�RU�FRVW�HIILFLHQW�LQ�FRQWUROOLQJ�HPLVVLRQV�LQ�WKH�ORQJ�UXQ���$�IXUWKHU�SUREOHP�LV
WKH�ODFN�RI�XQLIRUPLW\�DPRQJ�VWDWH�DQG�IHGHUDO�UHJXODWLRQV��HVSHFLDOO\�DV�PRUH�DQG�PRUH�VWDWHV
VHW�WKHLU�RZQ�VWDQGDUGV���9DULDWLRQV�LQ�UHJXODWLRQV�IURP�SODFH�WR�SODFH�DQG�RYHU�WLPH�PDNH�LW
GLIILFXOW�IRU�PDQXIDFWXUHUV�WR�GHYHORS�FRKHVLYH�SROOXWLRQ�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV���7KH
LQGXVWU\�KDV�QR�FHQWUDO�RUJDQL]DWLRQ�RU�FRRUGLQDWHG�VWUDWHJ\�WR�UHSUHVHQW�LQGXVWU\�LQWHUHVWV�LQ
WKH�UHJXODWRU\�SURFHVV��ZLWKRXW�WKLV�UHSUHVHQWDWLRQ��SURVSHFWV�IRU�LPSURYLQJ�WKH�LQGXVWU\ªV
UHJXODWRU\�FOLPDWH�DUH�VXEVWDQWLDOO\�GLPLQLVKHG�

$OWKRXJK�URXJKO\����SHUFHQW�RI�DOO�JODVV�FRQWDLQHUV�ZHUH�UHF\FOHG�LQ�������WKH�UHFRYHU\�DQG
UHXVH�RI�JODVV�SURGXFWV�FRXOG�EH�VLJQLILFDQWO\�H[SDQGHG�ZLWK�WKH�GHYHORSPHQW�RI�PRUH�HIIHFWLYH
WHFKQRORJLHV�RU�SURFHVVHV�IRU�VRUWLQJ�DQG�VHSDUDWLQJ�SRVW�FRQVXPHU�ZDVWH���&XUUHQWO\��DERXW���
SHUFHQW�RI�DOO�FXOOHW�LV�ODQGILOOHG�RU�VWRFNSLOHG���7KH�LQGXVWU\�QHHGV�WHFKQRORJLHV�WKDW�FDQ
UHOLDEO\�LGHQWLI\�DQG�HOLPLQDWH�QRQ�JODVV�PDWHULDOV�IURP�WKH�VWUHDP�DQG�HIILFLHQWO\�VRUW�JODVV�E\
FRORU���6LQFH�PDQ\�LQGXVWULHV�KDYH�DQ�LQWHUHVW�LQ�UHF\FOLQJ��D�FRVW�HIILFLHQW�DSSURDFK�PD\�EH�WR
ZRUN�ZLWK�RWKHU�LQGXVWULHV�LQ�GHYHORSLQJ�D�VRUWLQJ�DQG�VHSDUDWLRQ�WHFKQRORJ\�WKDW�FDQ�EH�XVHG
RQ�DOO�NLQGV�RI�SRVW�FRQVXPHU�ZDVWH���2WKHU�LPSRUWDQW�EDUULHUV�WR�LQFUHDVHG�UHF\FOLQJ�DUH
HFRQRPLF��WKH�LQGXVWU\�QHHGV�WR�LPSURYH�WKH�FRVW�HIIHFWLYHQHVV�RI�EHQHILFLDWLRQ�DQG�RWKHUZLVH
VWUHQJWKHQ�HFRQRPLF�LQFHQWLYHV�IRU�UHFRYHULQJ�DQG�UHXVLQJ�SRVW�FRQVXPHU�JODVV�

5HVHDUFK�1HHGV

$�ZLGH�UDQJH�RI�UHVHDUFK�DQG�GHYHORSPHQW�LV�QHHGHG�WR�RYHUFRPH�H[LVWLQJ�EDUULHUV�WR�DFKLHYLQJ
WKH�LQGXVWU\ªV�HQYLURQPHQWDO�SURWHFWLRQ�DQG�UHF\FOLQJ�JRDOV���([KLELW�����VKRZV�WKH�5	'�QHHGV
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E\�VXEMHFW�FDWHJRU\�DQG�GLVWULEXWHG�E\�WKH�WLPH�IUDPH��QHDU��PLG��RU�ORQJ��LQ�ZKLFK�FRPPHUFLDO
UHVXOWV�DUH�H[SHFWHG�IURP�WKH�UHVHDUFK�

(QYLURQPHQWDO�3URWHFWLRQ

(QYLURQPHQWDO�SURWHFWLRQ�JRDOV�DUH�EHVW�DFKLHYHG�WKURXJK�UHVHDUFK�DQG�GHYHORSPHQW�LQ
HPLVVLRQV�FKDUDFWHUL]DWLRQ�DQG�FRQWURO��DOWHUQDWLYH�PDWHULDOV��DQG�R[\�IXHO�ILULQJ���:LWKLQ�WKH
DUHD�RI�HPLVVLRQV�FKDUDFWHUL]DWLRQ�DQG�FRQWURO��DFFXUDWH��SUHGLFWLYH�HPLVVLRQV�PRGHOLQJ�WRROV
DUH�FRQVLGHUHG�WR�EH�WKH�PRVW�LPSRUWDQW�UHVHDUFK�QHHG���$OWKRXJK�VRPH�SUHGLFWLYH�PRGHOV�H[LVW�
WKH\�UHTXLUH�IXUWKHU�UHILQHPHQW�DQG�YDOLGDWLRQ�DV�ZHOO�DV�FDOLEUDWLRQ�IRU�XVH�ZLWK�JODVV�IXUQDFHV��
0RUH�UHOLDEOH�PRGHOLQJ�WRROV�DUH�D�QHFHVVDU\�SUHUHTXLVLWH�IRU�DQRWKHU�KLJK�SULRULW\�UHVHDUFK
QHHG¦WKH�GHYHORSPHQW�RI�LQWHJUDWHG�FRQWURO�V\VWHPV�WR�OLQN�SURGXFWLRQ�ZLWK�HPLVVLRQV���7KHVH
V\VWHPV�ZRXOG�HQDEOH�SODQW�RSHUDWRUV�WR�DGMXVW�SURGXFWLRQ�SDUDPHWHUV�LQ�UHVSRQVH�WR�UHDO�WLPH
DQDO\VLV�RI�HPLVVLRQV���&RRSHUDWLYH�UHVHDUFK�FDQ�VDWLVI\�ERWK�RI�WKHVH�KLJK�SULRULW\�QHHGV�ZLWKLQ
��WR����\HDUV�

$Q�LPSRUWDQW�SUH�FXUVRU�WR�WKHVH�KLJK�SULRULW\�SURMHFWV�LV�WKH�GHYHORSPHQW�DQG�YDOLGDWLRQ�RI
FRXSOHG�FRPEXVWLRQ�DQG�JODVV�PHOW�PRGHOV���7KLV�QHDU�WHUP�UHVHDUFK�ZLOO�EXLOG�RQ�PRGHOLQJ
HIIRUWV�DOUHDG\�XQGHUZD\�DQG�ZLOO�OD\�WKH�JURXQG�ZRUN�IRU�DGGLWLRQDO�PRGHOLQJ�DQG�FRQWURO
WRROV���0RUH�GDWD�LV�DOVR�QHHGHG�WR�VXSSRUW�SURFHVV�PRGHOLQJ�DQG�FRQWURO��HVSHFLDOO\
TXDQWLWDWLYH�GDWD�RQ�HPLVVLRQV��H�J���YRODWLOHV�DQG�SDUWLFXODWHV��UHODWLYH�WR�SURFHVV�YDULDEOHV���7R
FROOHFW�WKLV�GDWD��DGYDQFHG��ORZ�FRVW�VHQVRUV�DUH�QHHGHG�WR�FRQWLQXRXVO\�PRQLWRU�LQ�SURFHVV�DQG
SRVW�SURFHVV�HPLVVLRQV�

$�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�LQYROYHG�LQ�WKH�IRUPDWLRQ�RI�HPLVVLRQV�IURP
JODVV�DQG�UDZ�PDWHULDOV�LV�DOVR�D�KLJK�SULRULW\�LQ�WKH�QHDU�WHUP���7KLV�XQGHUVWDQGLQJ�LV�FULWLFDO�WR
VXSSRUW�SURFHVV�PRGHOLQJ�DQG�WKH�GHYHORSPHQW�RI�DGYDQFHG�VHQVRUV�DQG�DEDWHPHQW
WHFKQRORJ\���,PSURYHG�HPLVVLRQ�DEDWHPHQW�WHFKQRORJLHV�DUH�QHHGHG�WR�HIIHFWLYHO\�FRQWURO�WKH
UHOHDVH�RI�HPLVVLRQV�IURP�H[LVWLQJ�PHOWLQJ�IXUQDFHV�DW�D�UHDVRQDEOH�FRVW���$V�DQ�H[DPSOH�
UHVHDUFKHUV�FRXOG�GHYHORS�WHFKQLTXHV�WR�FRDOHVFH�SDUWLFOHV�LQ�HPLVVLRQV�VWUHDPV�WR�IDFLOLWDWH
WUHDWPHQW�DQG�GLVSRVDO��RU�HQDEOH�RWKHU�DSSOLFDWLRQV����2QFH�UHVHDUFKHUV�XQGHUVWDQG�HPLVVLRQV
PHFKDQLVPV�DQG�KRZ�WKH\�DUH�DIIHFWHG�E\�SURFHVV�YDULDEOHV��LW�PD\�DOVR�EH�SRVVLEOH�WR�GHYHORS
DOWHUQDWLYH�PDWHULDOV�DQG�SURFHVVHV�IRU�WKH�XVH�RI�KD]DUGRXV�UDZ�PDWHULDOV���)RU�H[DPSOH��WKH
KD]DUGRXV�PDWHULDO�VHOHQLXP�LV�FXUUHQWO\�UHOHDVHG�IURP�WKH�UDZ�PDWHULDOV�GXULQJ�SURFHVVLQJ���$
VXEVWLWXWH�PDWHULDO�DQG�RU�VRPH�DOWHUDWLRQ�WR�SURFHVVLQJ�PD\�HQDEOH�WKH�LQGXVWU\�WR�DYRLG�WKLV
FRVWO\�SUREOHP�

([SDQGHG�NQRZOHGJH�RI�HPLVVLRQV�PHFKDQLVPV�ZLOO�VXSSRUW�D�PRUH�JHQHUDO�PHOWLQJ�SURFHVV
QHHG�IRU�GXUDEOH��KLJK�WHPSHUDWXUH�VHQVRUV�WR�PHDVXUH�IORZ��WHPSHUDWXUH��DQG�JDV�FRPSRVLWLRQ
�DV�ZHOO�DV�LGHQWLILFDWLRQ�RI�QHZ�VHQVLQJ�WHFKQLTXHV�IRU�LQ�SURFHVV�PHDVXUHPHQW�RI�HPLVVLRQV���
6XFK�VHQVRUV�ZLOO�SURYLGH�UHDO�WLPH�IHHGEDFN�WR�SURFHVVLQJ�RSHUDWLRQV�WR�PLQLPL]H�XQGHVLUDEOH
HPLVVLRQV�

,Q�WKH�DUHD�RI�DOWHUQDWLYH�PDWHULDOV��WKH�LQGXVWU\ªV�PRVW�FULWLFDO�WDVN�LV�WR�GHYHORS�DQG�HYDOXDWH
DOWHUQDWLYH�UHIUDFWRULHV�IRU�PHOWLQJ�V\VWHPV���,Q�SDUWLFXODU��WKH�LQGXVWU\�QHHGV�GXUDEOH�
FRUURVLRQ�UHVLVWDQW�UHIUDFWRULHV�IRU�XVH�LQ�R[\�IXHO�IXUQDFHV���,Q�WKH�QHDU�WHUP��WKLV�UHVHDUFK�
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*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

([KLELW�������0DMRU�5HVHDUFK�1HHGV�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

VKRXOG�SURGXFH�DOWHUQDWLYH�UHIUDFWRU\�PDWHULDOV�WKDW��DW�WKH�HQG�RI�WKHLU�XVHIXO�OLIH��ZLOO�TXDOLI\
DV�QRQ�KD]DUGRXV�PDWHULDO��RU�ZDVWH��IRU�GLVSRVDO�SXUSRVHV���,GHDOO\��WKH\�PD\�HYHQ�EH
FRQYHUWHG�WR�VRPH�RWKHU�XVH�

7KH�GHYHORSPHQW�RI�ORQJHU�OLIH�PROG�FRDWLQJV�DUH�DQRWKHU�ZD\�WR�UHGXFH�XQGHVLUDEOH�HPLVVLRQV��
3HULRGLFDOO\��JODVV�PROGV�PXVW�EH�FRDWHG�ZLWK�D�UHOHDVH�DJHQW���7KLV�VZDEELQJ�SURFHVV�JHQHUDWHV
ODUJH�TXDQWLWLHV�RI�VPRNH�FRQWDLQLQJ�SDUWLFXODWH�PDWWHU�DQG�YRODWLOH�RUJDQLF�FRPSRXQGV���7KH
GHYHORSPHQW�RI�PRUH�GXUDEOH�FRDWLQJV�ZRXOG�UHGXFH�WKH�IUHTXHQF\�RI�VZDEELQJ���$OWHUQDWLYHO\�
LPSURYHG�PROG�PDWHULDOV�WKDW�GR�QRW�UHTXLUH�IUHTXHQW�VZDEELQJ�ZRXOG�DOVR�ORZHU�SROOXWDQW
HPLVVLRQV�

:LWKLQ�WKH�FDWHJRU\�RI�PHOWLQJ�DQG�SURFHVV�GHYHORSPHQWV��WKH�KLJKHVW�SULRULW\�QHHG�LV�LQ�R[\�
IXHO�ILULQJ���,Q�SDUWLFXODU��WKH�LQGXVWU\�QHHGV�D�PRUH�HIILFLHQW��ORZHU�FRVW�PHWKRG�IRU�SURGXFLQJ
SXUH�R[\JHQ�IRU�XVH�LQ�R[\�IXHO�IXUQDFHV���7KH�KLJK�FRVW�RI�R[\JHQ�SURGXFWLRQ�LV�FXUUHQWO\�D
VLJQLILFDQW�GHWHUUHQW�WR�WKH�ZLGHU�DGRSWLRQ�RI�WKLV�FOHDQHU�DQG�PRUH�HIILFLHQW�WHFKQRORJ\���7KH
LQGXVWU\�QHHGV�D�EUHDNWKURXJK�SURFHVV�WKDW�ZLOO�HQDEOH�VLJQLILFDQW�FRVW�UHGXFWLRQV���7KLV
UHVHDUFK�FRXOG�EH�H[SHFWHG�WR�\LHOG�UHVXOWV�ZLWKLQ���WR����\HDUV�

$OO�RI�WKH�DIRUHPHQWLRQHG�UHVHDUFK�ZLOO�ERWK�FRQWULEXWH�WR�DQG�EH�VXSSRUWHG�E\�DQ�LPSURYHG
XQGHUVWDQGLQJ�RI�WKH�SK\VLFV�RI�JODVV�UHILQLQJ���7KLV�XQGHUVWDQGLQJ�ZLOO�EH�LPSRUWDQW�LQ
HYDOXDWLQJ�DQG�RSWLPL]LQJ�WKH�UHILQLQJ�PHFKDQLVP�DQG�LQ�ILQGLQJ�D�QRQ�SROOXWLQJ�DOWHUQDWLYH�WR
FXUUHQW�UHILQLQJ�WHFKQLTXHV�

,Q�WKH�ORQJ�WHUP��FROODERUDWLYH�JRYHUQPHQW�LQGXVWU\�UHVHDUFK�HIIRUWV�FRXOG�HQDEOH�WKH
GHYHORSPHQW�RI�DQ�LQVWDQWDQHRXV�JODVV�PHOWLQJ�V\VWHP���:LWK�IXQGLQJ�IURP�WKH�1DWLRQDO
,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��1,67���WKH�*DV�5HVHDUFK�,QVWLWXWH�DQG�9RUWHF�EHJDQ
ZRUN�RQ�DQ�LQVWDQWDQHRXV�PHOWLQJ�V\VWHP��EXW�ZRUN�ZDV�VXVSHQGHG�ZKHQ�1,67�IXQGLQJ�UDQ
RXW���,I�DGGLWLRQDO�IXQGLQJ�ZHUH�DYDLODEOH��WKLV�LPSRUWDQW�UHVHDUFK�HIIRUW�FRXOG�EH�UHVXPHG���7KH
GHYHORSPHQW�RI�PRUH�HIILFLHQW��QRQ�SROOXWLQJ�JODVV�PHOWLQJ�DQG�UHILQLQJ�V\VWHPV�LV�D�NH\�ORQJ�
WHUP�JRDO�IRU�WKH�LQGXVWU\���)XVLRQ�EDVHG�HOHFWULF�SRZHU�V\VWHPV��WKRXJK�RQO\�D�WHFKQRORJ\
GUHDP�DW�SUHVHQW��FRXOG�UHYROXWLRQL]H�WKH�JODVV�PDQXIDFWXULQJ�SURFHVV�DQG�GUDPDWLFDOO\�UHGXFH
V\VWHP�HPLVVLRQV�

5HF\FOLQJ

5HVHDUFK�SURMHFWV�WKDW�FRQWULEXWH�WR�UHF\FOLQJ�JRDOV�FDQ�EH�FKDUDFWHUL]HG�DV�SRVW�PDUNHW
SURFHVVHV��VHH�([KLELW��������7KH�LQGXVWU\ªV�WRS�QHHG�LV�D�FRVW�HIIHFWLYH�WHFKQRORJ\�IRU�VRUWLQJ�DQG
VHSDUDWLQJ�SRVW�FRQVXPHU�JODVV���7KH�LQGXVWU\�FRXOG�GHYHORS�WKLV�WHFKQRORJ\�LQ�SDUWQHUVKLS
ZLWK�RWKHU�LQGXVWULHV�WKDW�KDYH�D�YHVWHG�LQWHUHVW�LQ�HIIHFWLYH�SRVW�FRQVXPHU�PDWHULDO�UHFRYHU\
SURFHVVHV��LQFOXGLQJ�LURQ�DQG�VWHHO��DOXPLQXP��SDSHU��SODVWLF��HWF�����%\�UHOLDEO\�DQG�FRVW�
HIIHFWLYHO\�FUHDWLQJ�XQFRQWDPLQDWHG�ZDVWH�VWUHDPV�RI�VDPH�FRORU�FXOOHW��WKLV�WHFKQRORJ\�ZRXOG
PDNH�LW�SRVVLEOH�IRU�SRVW�FRQVXPHU�JODVV�WR�EH�UHWXUQHG�WR�LWV�KLJKHVW�YDOXH�XVH���$W�WKH�VDPH
WLPH��WKH�JODVV�LQGXVWU\�FRXOG�UHGXFH�LWV�XVH�RI�UDZ�PDWHULDOV�DQG�DYRLG�ODQGILOOLQJ���6LQFH�FXOOHW
FDQ�EH�PHOWHG�DW�ORZHU�WHPSHUDWXUHV�WKDQ�UDZ�PDWHULDOV��VXEVWDQWLDO�SURGXFWLRQ�FRVW�VDYLQJV
FRXOG�EH�DFKLHYHG�DV�ZHOO���5HF\FOLQJ�FDQ�ORZHU�HQHUJ\�FRVWV�E\����WR����SHU�WRQ��FRPSDUHG�WR
XVLQJ�DOO�YLUJLQ�UDZ�PDWHULDOV���GHSHQGLQJ�XSRQ�WKH�LQGXVWU\�VHJPHQW�



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

5HVHDUFK�RQ�WKH�FRVW�HIIHFWLYH�EHQHILFLDWLRQ�RI�FXOOHW�LV�QHHGHG�WR�GHYHORS�QHZ�PDUNHWV�DQG
KLJKHU�YDOXH�XVHV�IRU�FXOOHW���%\�UHPRYLQJ�LPSXULWLHV�IURP�WKH�JODVV�ZDVWH�VWUHDP��WKLV
WHFKQRORJ\�FRXOG�VHUYH�DV�DQ�LQWHUPHGLDU\�WHFKQRORJ\�XQWLO�DQ�LQWHJUDWHG��LQWHU�LQGXVWU\
VRUWLQJ�WHFKQRORJ\�FDQ�EH�GHYHORSHG��RU�LW�PLJKW�EH�LQFRUSRUDWHG�LQWR�WKH�EURDGHU�WHFKQRORJ\��
2WKHU�LPSRUWDQW�UHVHDUFK�QHHGV�LQFOXGH�GHYHORSPHQW�RI�QHZ�YLWULILFDWLRQ�SURFHVVHV��SRVVLEO\
XVLQJ�FXOOHW�DV�D�UDZ�PDWHULDO��DQG�WHFKQRORJLHV�IRU�UHF\FOLQJ�YDULRXV�W\SHV�RI�VSHFLDOW\�JODVV�
VXFK�DV�ZLQGVKLHOGV���$V�VKRZQ�LQ�([KLELW������DOO�UHVHDUFK�LGHQWLILHG�LQ�WKH�DUHD�RI�SRVW�PDUNHW
SURFHVVHV�FDQ�EH�H[SHFWHG�WR�UHVXOW�LQ�FRPPHUFLDO�DSSOLFDWLRQ�RU�SURGXFWV�ZLWKLQ���WR����\HDUV�

3D\RII�DQG�5LVN

7KH�SRWHQWLDO�SD\RIIV�DQG�ULVNV�DVVRFLDWHG�ZLWK�WKHVH�LPSRUWDQW�UHVHDUFK�QHHGV�DUH�VKRZQ�LQ
([KLELW�������7KH�LGHQWLILHG�QHHGV�DUH�VLWXDWHG�UHODWLYH�WR�HDFK�RWKHU�DORQJ�D�FRQWLQXXP�RI�ORZHU�WR
KLJKHU�ULVN�DQG�ORZHU�WR�KLJKHU�SD\RII���)RU�WKH�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�DUHD�
SD\RII�FDQ�EH�FRQVLGHUHG�DV����WKH�SRWHQWLDO�IRU�LQFUHDVHG�JODVV�SURGXFW�VKLSPHQWV�DQG�RU
LQFUHDVHG�SURILWDELOLW\�UHVXOWLQJ�IURP�WKH�UHVHDUFK�RU�����WKH�SRWHQWLDO�FRQWULEXWLRQ�WRZDUG
DFKLHYLQJ�WKH�HQYLURQPHQWDO�JRDOV�HVWDEOLVKHG�E\�WKH�LQGXVWU\��UHJDUGOHVV�RI�ILQDQFLDO�SD\RII��
([KLELW�����VKRZV�WKH�DUUDQJHPHQW�RI�WKH�UHVHDUFK�QHHGV�ZLWK�UHJDUG�WR�WKH�ILUVW�GHILQLWLRQ�RI
SD\RII���,I�WKH�VHFRQG�GHILQLWLRQ�RI�SD\RII�LV�DSSOLHG��WKHQ�WKH�UHVHDUFK�QHHGV�PDUNHG�ZLWK�D
GDJJHU�����ZRXOG�ULVH�VLJQLILFDQWO\�RQ�WKH�SD\RII�VFDOH�

7KH�KLJKHU�SD\RII��ORZHU�ULVN�UHVHDUFK�QHHGV�DUH�FOXVWHUHG�LQ�WKH�XSSHU�OHIW�TXDGUDQW�RI�WKH
PDWUL[���0DQ\�RI�WKHVH�QHHGV�DUH�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�VHQVRUV�DQG�PRGHOLQJ
V\VWHPV�IRU�FRQWUROOLQJ�RU�HOLPLQDWLQJ�HPLVVLRQV�IURP�H[LVWLQJ�JODVV�PHOWLQJ�V\VWHPV�DQG
SURGXFWLRQ�SURFHVVHV���7KH�KLJKHVW�SD\RII��ORZHVW�ULVN�UHVHDUFK�LV�WR�GHYHORS�GXUDEOH��KLJK�
WHPSHUDWXUH�VHQVRUV�IRU�FRQWUROOLQJ�SURFHVV�IORZ��WHPSHUDWXUH��DQG�JDV�FRPSRVLWLRQ���7KHVH
VHQVRUV�ZRXOG�EH�XVHG�LQ�H[LVWLQJ�V\VWHPV�DQG�SURFHVVHV�WR�PHDVXUH�DQG�FRQWURO�SURFHVV
YDULDEOHV�RI�NQRZQ�LQWHUHVW�WR�JODVV�PDQXIDFWXUHUV���'HYHORSLQJ�VHQVRUV�IRU�FRQWLQXRXV��ORZ�
FRVW�PRQLWRULQJ�RI�SRVW�SURFHVV�HPLVVLRQV�LV�D�ORZHU�SD\RII�DFWLYLW\�IURP�WKH�VWDQGSRLQW�RI
HFRQRPLF�SD\RII���+RZHYHU��LI�SD\RII�LV�FDOFXODWHG�RQ�WKH�EDVLV�RI�FRQWULEXWLRQ�WR�HQYLURQPHQWDO
JRDOV�DORQH��WKHQ�WKLV�UHVHDUFK�QHHG�ZLOO�SURGXFH�D�SD\RII�HTXDO�WR�WKDW�RI�WKH�LQ�SURFHVV
VHQVRUV���7KH�VLPLODU��EXW�KLJKHU�ULVN��UHVHDUFK�QHHG�WR�LGHQWLI\�QHZ�VHQVLQJ�WHFKQLTXHV�IRU�LQ�
SURFHVV�PHDVXUHV�RI�HPLVVLRQV��ZRXOG�EH�DGGUHVVHG�E\�WKH�GHYHORSPHQW�RI�FRQFHSWXDOO\�QHZ
VHQVLQJ�WHFKQRORJLHV�WKDW�FDQ�EH�XVHG�WR�FRQWURO�QHZ�JODVV�SURFHVVHV�DQG�RU�PHDVXUH
SRWHQWLDOO\�LPSRUWDQW�SURFHVV�YDULDEOHV�QRW�\HW�FRQVLGHUHG�LQ�WKH�JODVV�PDQXIDFWXULQJ�SURFHVV�

2QH�RI�WKH�KLJKHVW�SULRULW\�UHF\FOLQJ�QHHGV¦GHYHORSLQJ�FRVW�HIIHFWLYH�VHSDUDWLQJ�DQG�VRUWLQJ
WHFKQRORJLHV¦LV�FRQVLGHUHG�WR�EH�KLJKHU�SD\RII�DQG�ORZHU�ULVN���$JDLQ��WKH�SD\RII�RI�WKLV
UHVHDUFK�QHHG�ZRXOG�EH�VXEVWDQWLDOO\�KLJKHU�LI�HQYLURQPHQWDO�JRDOV�DORQH�ZHUH�FRQVLGHUHG��
5LVN�LV�ORZHU�EHFDXVH�WKLV�LV�D�FURVV�LQGXVWU\�UHVHDUFK�QHHG�DQG�LV�DQ�DUHD�LQ�ZKLFK�VXEVWDQWLDO
JDLQV�FDQ�EH�PDGH�E\�FRRUGLQDWLQJ�ZLWK�DQG�EXLOGLQJ�RQ�VLPLODU�UHVHDUFK�EHLQJ�FRQGXFWHG�E\
DQG�IRU�RWKHU�SULPDU\�DQG�VHFRQGDU\�PDQXIDFWXULQJ�LQGXVWULHV��H�J���VWHHO��LURQ��DOXPLQXP�
SDSHU��DXWRPRWLYH��HOHFWURQLF�HTXLSPHQW��HWF��

6RPH�HQDEOLQJ�UHVHDUFK�FDQ�EH�FKDUDFWHUL]HG�DV�KLJKHU�SD\RII�DQG�ORZHU�ULVN���5HVHDUFK�VXFK�DV
GHYHORSLQJ�YDOLGDWHG��FRXSOHG�FRPEXVWLRQ�DQG�JODVV�PRGHOV��GHYHORSLQJ�DQG�HYDOXDWLQJ�
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3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������3D\RII�YV��5LVN�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

UHIUDFWRULHV��EHWWHU�XQGHUVWDQGLQJ�EDWFK�PHOWLQJ�SURFHVV��DQG�TXDQWLI\LQJ�SURFHVV�HPLVVLRQV�DUH
SUHFXUVRUV�WR�DFKLHYLQJ�VRPH�RI�WKH�LQGXVWU\ªV�EURDGHU�WHFKQLFDO�JRDOV���7KHVH�DFWLYLWLHV�KDYH
WKH�SRWHQWLDO�IRU�SURGXFLQJ�D�KLJK�SD\RII�ZKLOH�SUHVHQWLQJ�D�ORZ�ULVN�WKDW�WKH�UHVXOWV�RI�WKH
UHVHDUFK�ZLOO�QRW�EH�VXFFHVVIXOO\�DSSOLHG���6LQFH�VRPH�ZRUN�LQ�WKHVH�DUHDV�LV�DOUHDG\�LQ�SURJUHVV�
LW�QDUURZV�WKH�VFRSH�RI�UHPDLQLQJ�ZRUN�WR�EH�GRQH���,Q�WKH�FDVH�RI�GHYHORSLQJ�YDOLGDWHG�
FRXSOHG�FRPEXVWLRQ�DQG�JODVV�PHOW�PRGHOV��WKHUH�DUH�D�QXPEHU�RI�H[LVWLQJ�PRGHOV�WKDW�FRXOG�EH
RU�KDYH�EHHQ�DSSOLHG�WR�WKH�JODVV�LQGXVWU\���+RZHYHU��WKHVH�PRGHOV�PXVW�EH�IXUWKHU�GHYHORSHG�
UHILQHG��DQG�YDOLGDWHG�LQ�JODVV�PDQXIDFWXULQJ�V\VWHPV�EHIRUH�WKH\�FDQ�EH�UHDOO\�XVHIXO�



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

,QQRYDWLYH�8VHV�:RUN�*URXS

5ROI�%XWWHUV 8�6��'HSDUWPHQW�RI�(QHUJ\
1RVKLU�+DYHZDOD &RUQLQJ�,QFRUSRUDWHG
+DQQ�6KHQJ�+XDQJ $UJRQQH�1DWLRQDO�/DERUDWRU\
7RP�+XII 2ZHQV�&RUQLQJ
%LOO�/D&RXUVH &HQWHU�IRU�*ODVV�5HVHDUFK
$OH[�0DUNHU 6FKRWW�*ODVV�7HFKQRORJLHV��,QF�
3KLO�1HZHOO *XDUGLDQ�,QGXVWULHV�&RUS�
)UHG�4XDQ &RUQLQJ�,QFRUSRUDWHG

� ,QQRYDWLYH�8VHV
7KH�,QQRYDWLYH�8VHV�*URXS�H[DPLQHG�SRWHQWLDO�QHZ�PDUNHWV�IRU�JODVV�SURGXFWV�DV�ZHOO�DV�WKH
H[SDQVLRQ�RI�H[LVWLQJ�JODVV�PDUNHWV���*URXS�PHPEHUV�UHSUHVHQWHG�FRPSDQLHV�IURP�DOO�VHJPHQWV
RI�WKH�JODVV�LQGXVWU\��LQFOXGLQJ�VSHFLDOW\�JODVV��JODVV�FRQWDLQHUV��IODW�JODVV��DQG�ILEHUJODVV
SURGXFWV���*URXS�PHPEHUV�DOVR�LQFOXGHG�WKH�GLUHFWRU�RI�D�XQLYHUVLW\�JODVV�UHVHDUFK�SURJUDP��D
QDWLRQDO�ODERUDWRU\�VFLHQWLVW��DQG�D�UHSUHVHQWDWLYH�IURP�D�JRYHUQPHQW�SURJUDP�WKDW�VXSSRUWV
UHVHDUFK�RQ�QHZ�JODVV�WHFKQRORJ\�

*ODVV�LV�IRXQG�LQ�D�P\ULDG�RI
SURGXFWV�UDQJLQJ�IURP�HYHU\GD\
WDEOHZDUH�WR�KLJKO\�VRSKLVWLFDWHG
ILEHU�RSWLF�FRPPXQLFDWLRQ
V\VWHPV���*ODVV�SURGXFWV�DUH�ZHOO�
HVWDEOLVKHG�LQ�D�QXPEHU�RI�NH\
PDUNHWV��LQFOXGLQJ�LQVXODWLRQ�
OLJKWLQJ��ZLQGRZV��FRQWDLQHUV��DQG
FRQVXPHU�HOHFWURQLFV��WR�QDPH�D
IHZ���7KH�XQLTXH�SURSHUWLHV�RI
JODVV��H�J���WUDQVSDUHQF\��FKHPLFDO
GXUDELOLW\��RSWLFDO�TXDOLWLHV�
UHF\FODELOLW\��DQG�WKH�IDFW�WKDW�LW�LV�SURGXFHG�IURP�DEXQGDQW�QDWXUDO�UHVRXUFHV��HVVHQWLDOO\�VDQG
DQG�FRPPRQ�PLQHUDOV��DUH�EHKLQG�WKH�VXFFHVV�RI�JODVV�SURGXFWV���'HVSLWH�WKHVH�DGYDQWDJHV�
JODVV�SURGXFWV�IDFH�VLJQLILFDQW�FRPSHWLWLYH�SUHVVXUHV�IURP�SURGXFWV�PDGH�RI�DOWHUQDWH�PDWHULDOV
�SODVWLF��DOXPLQXP����,QFUHDVLQJ�FRPSHWLWLRQ�IURP�JODVV�PDQXIDFWXUHUV�LQ�RWKHU�FRXQWULHV�
ZKHUH�ODERU��OLDELOLW\��DQG�HQYLURQPHQWDO�FRVWV�DUH�ORZHU��DOVR�SRVHV�D�FRQVLGHUDEOH�IXWXUH
FKDOOHQJH�IRU�$PHULFDQ�JODVV�SURGXFWV��IODW��VSHFLDOW\�JODVV��DQG�UHLQIRUFLQJ�ILEHUJODVV�DUH�PRVW
DIIHFWHG��

7R�PHHW�WKHVH�FKDOOHQJHV��WKH�JODVV�LQGXVWU\�ZLOO�QHHG�WR�EURDGHQ�WKH�XVH�RI�JODVV�LQ�H[LVWLQJ
PDUNHWV�DQG�VXSSRUW�UHVHDUFK�WR�FUHDWH�FRPSOHWHO\�QHZ�DQG�LQQRYDWLYH�XVHV�IRU�JODVV���1HZ
PDUNHWV�FRXOG�SRWHQWLDOO\�HPHUJH�LQ�WHOHFRPPXQLFDWLRQV��PHGLFLQH��HOHFWURQLFV��ZDVWH
WUHDWPHQW��DQG�LQIUDVWUXFWXUH���:KLOH�VRPH�GUDPDWLF�EUHDNWKURXJKV�KDYH�RFFXUUHG�LQ�WKH�XVH�RI
JODVV�LQ�WKH�ODVW�GHFDGH��ILEHU�RSWLFV��SKRWRQLFV��ILEHU�UHLQIRUFHG�FRPSRVLWHV��JODVV�IRU�VWRULQJ
UDGLRDFWLYH�ZDVWH���WKH�XQLTXH�DWWULEXWHV�RI�JODVV�KDYH�QRW�EHHQ�IXOO\�H[SORUHG���7R�GR�VR�ZLOO
SRWHQWLDOO\�UHTXLUH�WKH�LQYHVWLJDWLRQ�RI�QHZ�JODVV�FRPSRVLWLRQV��D�EHWWHU�XQGHUVWDQGLQJ�RI�JODVV
SURSHUWLHV�DQG�LQWHUDFWLRQV��DQG�WKH�PRGLILFDWLRQ�DQG�LPSURYHPHQW�RI�HVVHQWLDO�JODVV�PDNLQJ
SURFHVVHV���)XUWKHUPRUH��QHZ�JODVV�SURGXFWV�ZLOO�QHHG�WR�EH�FRVW�FRPSHWLWLYH�WR�VXFFHVVIXOO\



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������,QGXVWU\�:LGH�3URGXFW
&DWHJRULHV�(VVHQWLDO�WR�%URDGHQLQJ

WKH�0DUNHW�IRU�*ODVV�3URGXFWV

& 6XQ�3RZHU��VRODU�OHQV�DQG�PLUURUV��SKRWRYROWDLFV�
& 6WUXFWXUDO�$SSOLFDWLRQV��DFRXVWLFDO�PDWHULDOV��WKHUPDO
LQVXODWLRQ��ILUHSURRI�PDWHULDOV��IRDP�JODVV�URRILQJ�
IORRULQJ�

& ,QIUDVWUXFWXUH��URDGEHGV��EULGJH�PDWHULDOV��UHLQIRUFHG
FRQFUHWH�

& (OHFWULFDO�(OHFWURQLF�3URGXFWV��IODW�SDQHO�GLVSOD\V��QHZ
ODVHU�PDWHULDOV�

& +LJK�6WUHQJWK�*ODVV�2WKHU�6SHFLDO�3URSHUWLHV
�IOH[LEOH�GHIRUPDEOH�JODVV��XQEUHDNDEOH�JODVV�
OLJKWZHLJKW�JODVV��VHOI�KHDOLQJ�JODVV�

& %LRORJLFDO�0HGLFDO�'HYLFHV��JODVV�ERQH�LPSODQWV�
FRQWUROOHG�UHOHDVH�SURGXFWV�

& (QYLURQPHQWDO�:DVWH�7UHDWPHQW��HQFDSVXODWLRQ�RI
ZDVWH��UHF\FOLQJ�

& &RPSRVLWHV��ILEHUJODVV�UHLQIRUFHG�FRPSRVLWHV��JODVV�
SRO\PHU�FRPSRVLWHV�

& 2SWLFDO�3KRWRQLFV��RSWR�HOHFWURQLFV��RSWLFDO�VHFXULW\
GHYLFHV�

& $JULFXOWXUH�)DUPLQJ��FRQWUROOHG�UHOHDVH�IHUWLOL]HUV�

SHQHWUDWH�HPHUJLQJ�PDUNHWV���$�FULWLFDO�FKDOOHQJH�IRU�JODVV�PDQXIDFWXUHUV�LQ�GHYHORSLQJ�QHZ
SURGXFWV�ZLOO�EH�LQFUHDVLQJ�SURILW�PDUJLQV�DORQJ�ZLWK�H[SDQGLQJ�PDUNHWV�

,QQRYDWLYH�8VHV�7DUJHWV

7KH�JODVV�LQGXVWU\ªV�YLVLRQ�GRFXPHQW��*ODVV��$�&OHDU�9LVLRQ�IRU�D�%ULJKW�)XWXUH��UHFRJQL]HV�WKDW
WKH�§GHYHORSPHQW�RI�LQQRYDWLYH�XVHV�RI�JODVV�LV�D�OLQFKSLQ�RI�WKH�LQGXVWU\ªV�IXWXUH�¨�
$FFRUGLQJO\��FUHDWLQJ�LQQRYDWLYH�SURGXFWV�WKDW�EURDGHQ�WKH�PDUNHWSODFH�LV�RQH�RI�WKH�VSHFLILF
JRDOV�WKH�LQGXVWU\�VKRXOG�VWULYH�WRZDUG�WR�DFKLHYH�IXWXUH�UREXVWQHVV���7KH�,QQRYDWLYH�8VHV
6XEFRPPLWWHH�KDG�SUHYLRXVO\�LGHQWLILHG�D�QXPEHU�RI�EURDG�SURGXFW�DUHDV�WKDW�RIIHU�VLJQLILFDQW
IXWXUH�PDUNHW�SRWHQWLDO���7KH�,QQRYDWLYH�8VHV�*URXS�IXUWKHU�H[SDQGHG�DQG�GLYLGHG�WKHVH
FDWHJRULHV�LQWR�PRUH�VSHFLILF�DUHDV�

7KH�SRWHQWLDO�IRU�LQQRYDWLYH
QHZ�XVHV�RI�JODVV�H[LVWV�DFURVV
D�ZLGH�VSHFWUXP�RI�FRQVXPHU
DQG�LQGXVWULDO�DSSOLFDWLRQV��
7KH�SURGXFWV�VKRZQ�LQ
([KLELW�����DUH�PHUHO\
UHSUHVHQWDWLYH�RI�HDFK�SURGXFW
FDWHJRU\��WKH\�GR�QRW�UHIOHFW
WKH�FRPSOHWH�OLVW�RI�SRWHQWLDO
SURGXFWV�

$OWKRXJK�JODVV�LV�DOUHDG\
DFWLYH�LQ�D�QXPEHU�RI�WKHVH
PDUNHWV��WKHUH�DUH
RSSRUWXQLWLHV�IRU�HQWLUHO\�QHZ
XVHV�RI�JODVV���7KH�XVH�RI�JODVV
IRU�KD]DUGRXV�ZDVWH
HQFDSVXODWLRQ��IRDP�JODVV
URRILQJ��DQG�URDGEHG
DJJUHJDWH��IRU�H[DPSOH�
UHSUHVHQW�LQQRYDWLYH�QHZ
ZD\V�WR�XWLOL]H�JODVV���,Q�VRPH
SURGXFW�DUHDV�VPDOO�PDUNHWV
IRU�JODVV�SURGXFWV�DOUHDG\
H[LVW�DQG�FRXOG�H[SDQG
VLJQLILFDQWO\�RYHU�WKH�ORQJ�WHUP��JODVV�IORRULQJ��DUFKLWHFWXUDO�JODVV��DFRXVWLF�PDWHULDOV����,Q�RWKHU
FDWHJRULHV��LPSURYHPHQWV�LQ�JODVV�SURSHUWLHV�RU�UHGXFWLRQV�LQ�SURGXFW�FRVW�FRXOG�RSHQ
SRWHQWLDOO\�ODUJH�QHZ�PDUNHWV��OLJKWZHLJKW�JODVV��ILEHU�UHLQIRUFHG�FRQFUHWH��DQG�IODW�SDQHO
GLVSOD\V��



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

7HFKQRORJ\�%DUULHUV

$�QXPEHU�RI�WHFKQRORJ\�EDUULHUV�LQKLELW�WKH�JUHDWHU�XWLOL]DWLRQ�RI�JODVV���6RPH�EDUULHUV�DUH
UHODWHG�WR�WKH�SK\VLFDO��FKHPLFDO��DQG�DHVWKHWLF�UHTXLUHPHQWV�RI�WKH�ILQLVKHG�SURGXFW���2WKHUV
FRQFHUQ�WKH�FXUUHQW�OLPLWDWLRQV�RI�H[LVWLQJ�JODVVPDNLQJ�SURFHVVHV���3HUKDSV�PRVW�SUHYDOHQW�DUH
WKH�ODFN�RI�EDVLF�XQGHUVWDQGLQJ�RI�WKH�SURSHUWLHV�RI�JODVV�DW�WKH�PROHFXODU�OHYHO��LWV�LQWHUDFWLRQV
ZLWK�RWKHU�PDWHULDOV�DQG�UHDFWLRQV�WR�SK\VLFDO�SKHQRPHQD��DQG�WKH�FKHPLFDO�FKDQJHV�WDNLQJ
SODFH�GXULQJ�PHOWLQJ��UHILQLQJ��DQG�IRUPLQJ�RI�WKH�JODVV���)RU�H[DPSOH��SRWHQWLDOO\�ODUJH�DQG
OXFUDWLYH�PDUNHWV�IRU�ILEHU�UHLQIRUFHG�FRQFUHWH�KDYH�QRW�EHHQ�UHDOL]HG�EHFDXVH�DONDOL�UHVLVWDQW
ILEHUV�DUH�QRW�FXUUHQWO\�DYDLODEOH���7KHVH�PDMRU�LVVXHV�FRUUHVSRQG�WR�SURFHVVLQJ��PDWHULDOV�
PHGLFDO��VWUXFWXUDO��FKHPLFDO��DQG�HQYLURQPHQWDO�EDUULHUV��VHH�([KLELW������

3URFHVVLQJ�LVVXHV�DUH�GRPLQDWHG�E\�D�QXPEHU�RI�EDUULHUV�UHODWHG�WR�LQDGHTXDWH�RQ�OLQH
PHDVXUHPHQW�DQG�FRQWURO�RI�FULWLFDO�SDUDPHWHUV��H�J���JODVV�SURILOH�PHDVXUHPHQW��GLVWRUWLRQ
PHDVXUHPHQW��IORZ�FKDUDFWHULVWLFV��WHPSHUDWXUH�JUDGLHQWV��DQG�SURFHVVHV�LQ�JHQHUDO�
SDUWLFXODUO\�PHOWLQJ�DQG�UHILQLQJ���6HYHUDO�EDUULHUV�DUH�DOVR�UHODWHG�WR�WKH�ODFN�RI�WHFKQRORJLHV
IRU�VSHFLILF�SURGXFW�UHODWHG�SURFHVVLQJ�QHHGV��VXFK�DV�WKH�QHHG�IRU�HFRQRPLFDO�DQG�HIIHFWLYH�RQ�
OLQH�FRDWLQJ�SURFHVVHV�DQG�WKH�ODFN�RI�SURFHVVLQJ�WHFKQRORJ\�DYDLODEOH�IRU�QLWULGHG�RU�FDUELGHG
JODVVHV���$OWKRXJK�QRW�PDMRU�LVVXHV��HQHUJ\�HIILFLHQF\�LQ�JHQHUDO��DV�ZHOO�DV�WKH�DYDLODELOLW\�RI
IOH[LEOH��FKHDS�SRZHU�VXSSOLHV��DUH�DOVR�XQGHUO\LQJ�EDUULHUV�

0DWHULDOV�UHODWHG�WHFKQRORJ\�EDUULHUV�SULPDULO\�FRQFHUQ�VSHFLILF�SURSHUW\�UHTXLUHPHQWV�WKDW�DUH
FULWLFDO�WR�H[SDQGLQJ�WKH�XVH�RI�JODVV��H�J���KLJK�VWUHQJWK��GXUDELOLW\��KLJK�PRGXOXV��KLJK
WHPSHUDWXUH����3ULRULW\�EDUULHUV�LQFOXGH�D�ODFN�RI�XQGHUVWDQGLQJ�RI�VXUIDFH�VWUXFWXUH��FKHPLVWU\�
DQG�LQWHUDFWLRQV��DOO�RI�ZKLFK�DUH�FULWLFDO�WR�SXUVXLQJ�PDQ\�QHZ�DSSOLFDWLRQV�RI�JODVV���7KH
DYDLODELOLW\�DQG�SXULW\�RI�UDZ�PDWHULDOV�LV�DOVR�D�OLPLWLQJ�IDFWRU�LQ�WKH�SURGXFWLRQ�RI�QHZ�JODVV
SURGXFWV���7KH�DYDLODELOLW\�RI�JRRG�UHIUDFWRULHV�LV�DQ�LPSRUWDQW�JHQHUDO�LVVXH�IRU�DOO�JODVV
SURGXFWV���7KH�ODFN�RI�LQH[SHQVLYH�PHWDO�UHIUDFWRULHV�LV�FRQVLGHUHG�WR�EH�D�SDUWLFXODUO\
LPSRUWDQW�DQG�OLPLWLQJ�IDFWRU�IRU�QHZ�VSHFLDOW\�JODVV�SURGXFWV�

,Q�WKH�DUHD�RI�PHGLFDO�DQG�ELRPHGLFDO�GHYLFHV��WKH�GLIILFXOW�UHJXODWRU\�DSSURYDO�SURFHVV�DQG
DVVRFLDWHG�SURGXFW�OLDELOLW\�LVVXHV�DUH�WKH�PDLQ�FRQVWUDLQWV�RQ�WKH�GHYHORSPHQW�RI�WKHVH�KLJK�
YDOXH�SURGXFWV���6LPLODU�OLDELOLW\�LVVXHV�KDYH�EHHQ�UDLVHG�LQ�WKH�XVH�RI�ILEHU�UHLQIRUFHG�FRQFUHWH
IRU�EULGJH�GHFNV���&RPSDQLHV�FXUUHQWO\�LQYROYHG�LQ�GHYHORSLQJ�WKHVH�GHYLFHV�DUH�RIWHQ�VPDOO�
VWDUW�XS�ILUPV�WKDW�VLPSO\�JR�XQGHU�LI�WKH�UHJXODWRU\�DQG�OLDELOLW\�FRQFHUQV�FDQQRW�EH�DGGUHVVHG��
5HFHQW�SURGXFW�OLDELOLW\�LVVXHV��H�J���VLOLFRQH�LPSODQWV��DQG�WKHLU�KXJH�DVVRFLDWHG�FRVWV�KDYH
GHWHUUHG�PDQ\�ODUJHU�ILUPV�IURP�LQYHVWLQJ�LQ�WKH�ORQJ�WHUP��KLJK�ULVN�5	'�QHFHVVDU\�WR
GHYHORS�SURGXFWV�IRU�WKLV�PDUNHW�

6WUXFWXUDO�EDUULHUV�DUH�WKRVH�UHODWHG�SULPDULO\�WR�WKH�LQQRYDWLYH�XVH�RI�JODVV�LQ�QHZ�VWUXFWXUDO
DQG�LQIUDVWUXFWXUDO�DSSOLFDWLRQV��H�J���EXLOGLQJV��EULGJHV����$�PDMRU�FRQFHUQ�LV�WKH�ODFN�RI
DGHTXDWH�WHFKQRORJ\�IRU�WUDQVSRUWLQJ�YHU\�ODUJH�JODVV�REMHFWV�ZLWKRXW�GDPDJLQJ�WKH�VXUIDFH
�SURWHFWLRQ�GRZQ�WR�WKH�PLFUR�OHYHO�FRXOG�EH�LPSRUWDQW����)RU�H[DPSOH��PLFUR�GDPDJH�FDQ
UHGXFH�WKH�WHQVLOH�VWUHQJWK�RI�ILEHUJODVV�E\����SHUFHQW���7KHUH�LV�DOVR�D�QHHG�IRU�DFFHOHUDWHG
OLIHWLPH�DQDO\VLV���'DWD�LV�QHHGHG�WR�GHYHORS�DGHTXDWH�SURWRFROV�RU�PRGHOV�WKDW�ZLOO�DLG�LQ�WKH
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3RRU�GDWD�RQ /DFN�RI�XQGHUVWDQGLQJ +LJKO\ /DFN�RI /DFN�RI $GYHUVH�SXEOLF
PHOWLQJ�IRUPLQJ RI�VXUIDFH�VWUXFWXUH� SURKLELWLYH DGHTXDWH VXEVWLWXWHV�IRU SHUFHSWLRQ�RI�
SURFHVVHV VXUIDFH�FKHPLVWU\��DQG DQG�FRVWO\ SURWHFWLRQ�IRU WR[LF�JODVV SURGXFWV�PDGH
0 VXUIDFH�LQWHUDFWLRQV UHJXODWRU\ ODUJH�JODVV FRPSRQHQWV IURP�ZDVWH�

6XERSWLPDO LVVXHV WUDQVSRUW 1HHG�WR /DFN�RI
PHDVXUHPHQW�DQG�FRQWURO /LWWOH�RU�QR�GDWD�RQ 0 �GRZQ�WR H[SDQG�OLPLWV DFFHSWDQFH�IRU
RI�SURFHVVHV QRQ�OLQHDU�SURSHUWLHV PLFURQ�OHYHO�� RI�FKHPLFDO XVLQJ�YLWULILHG
�0 RI�JODVVHV GXUDELOLW\ JODVV�WR

/LPLWHG�WHFKQRORJ\�IRU /DFN�RI�KLJK�PRGXOXV� GDWD�IRU )HZ�RU�QR ZDVWH
JODVV�SURILOH KLJK�WHPSHUDWXUH�JODVV DFFHOHUDWHG�OLIH VXEVWLWXWHV�IRU
PHDVXUHPHQW�LQ�KLJK WLPH�DQDO\VLV 62 �OXEULFDQW /LPLWHG
WHPSHUDWXUH�UHJLPHV /HVV�WKDQ�RSWLPDO LQQRYDWLYH�XVHV
0 GXUDELOLW\�RI�ORZ� 3RWHQWLDO ,QDGHTXDWH IRU�SURGXFWV

/DFN�RI�DGHTXDWH SXULW\�RI ZDVWHV
GLVWRUWLRQ�PHDVXUHPHQW ,QDGHTXDWH�RU V\QWKHWLF�UDZ
WHFKQRORJ\ XQFHUWDLQ�DYDLODELOLW\ PDWHULDOV /DFN�RI�JRRG

3RRU�XQGHUVWDQGLQJ�DQG PDWHULDOV FXUUHQW�ZDWHU
FRQWURO�RI�WHPSHUDWXUH 0 WUHDWPHQW
JUDGLHQWV�GXULQJ�IRUPLQJ SURFHVVHV

/DFN�RI�D�QRQ�LQWUXVLYH KLJK�VWUHQJWK�JODVV
IORZ�FKDUDFWHULVWLF 0

PHDVXUHPHQW�GHYLFH

/DFN�RI�D�FKHDS�UHOLDEOH VXERSWLPDO�SURSHUWLHV
HOHFWULF�SRZHU�VRXUFH
LQWHJUDWHG�ZLWK�JODVV +LJK�FRVW�RI�UHIUDFWRU\
SODQW PHWDOV�XVHG�LQ

1R�UHQHZDEOH�HQHUJ\
IXHOHG�SRZHU�VRXUFH�IRU �,QDELOLW\�WR�PDWFK
PHOWLQJ UHIUDFWRU\�LQGH[�RI

6XERSWLPDO�KHDW�WUDQVIHU
LQ�WKH�JODVV�IXUQDFH /DFN�RI�HFRQRPLFDO

3RRU�HIILFLHQF\�RI JODVV�ILEHUV
PHOWLQJ�HTXLSPHQW

/LPLWHG�SURFHVVHV�IRU�RQ� OLPLWDWLRQV�RI�JODVV
OLQH�FRDWLQJV FRPSRVLWHV

/DFN�RI�SURFHVVHV�IRU
QLWULGHG�FDUELGHG /LPLWHG�QHZ
JODVVHV LQRUJDQLF�RUJDQLF

1R�FKHDS�ZD\�WR VRO�JHO�
SURGXFH�ODUJH�DUHD
FRQWUROOHG�SRURVLW\�JODVV�

0 DQG�OLDELOLW\ VXUIDFHV�LQ

WHPSHUDWXUH�JODVV OLDELOLW\�LVVXHV FRQWURO�RI PDGH�IURP

DQG�SXULW\�RI�UDZ DOWHUQDWLYHV�IRU

/DFN�RI�DYDLODELOLW\�RI

5HIUDFWRULHV�ZLWK

VSHFLDOW\�DSSOLFDWLRQV

HSR[\�ZLWK�JODVV

WHFKQRORJ\�IRU�UHXVH�RI

7HPSHUDWXUH

0

FRPSRVLWHV��RWKHU�WKDQ

/LPLWHG�QR HQFDSVXODWH

�
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OLIHWLPH�DQDO\VLV�RI�QHZ�JODVV�SURGXFWV�WKDW�DUH�H[SHFWHG�WR�SHUIRUP�RYHU�D�YHU\�ORQJ�OLIH��H�J��
���\HDU�EULGJH�VSDQV��

,Q�WKH�DUHD�RI�FKHPLFDO�UHTXLUHPHQWV��WKH�WR[LFLW\�RI�FRPSRQHQWV�FXUUHQWO\�XVHG�LQ�JODVV
SURGXFWV�LV�D�SRWHQWLDOO\�VHULRXV�EDUULHU�LQ�YLHZ�RI�LQFUHDVLQJ�HQYLURQPHQWDO�FRQFHUQV���$QRWKHU
HQYLURQPHQWDO�FKHPLFDO�LVVXH�LV�WKH�XVH�RI�62 �DV�D�OXEULFDQW�DQG�LWV�IXWXUH�UHJXODWLRQ���

6XEVWLWXWHV�PD\�EH�QHHGHG�DV�LQFUHDVLQJ�UHJXODWRU\�FRQVWUDLQWV�DUH�LPSRVHG���7KH�LQDELOLW\�WR
HIIHFWLYHO\�PHDVXUH�RU�FRQWURO�WKH�SXULW\�RI�V\QWKHWLF�UDZ�PDWHULDOV�FRXOG�DOVR�OLPLW�WKH
GHYHORSPHQW�RI�VRPH�QHZ�SURGXFWV���:KLOH�FKHPLFDO�GXUDELOLW\�LV�RQH�RI�WKH�PDMRU�DWWULEXWHV�RI
JODVV��LW�LV�DQ�DUHD�WKDW�FRXOG�EH�LPSURYHG�IRU�VRPH�QHZ�DSSOLFDWLRQV�

(QYLURQPHQWDOO\�UHODWHG�EDUULHUV�FRQFHUQ�WKH�XVH�RI�JODVV�SURFHVVLQJ�ZDVWHV�DQG��DOWHUQDWLYHO\�
WKH�XVH�RI�JODVV�DV�D�ZDVWH�WUHDWPHQW�RSWLRQ���3XEOLF�SHUFHSWLRQ�RI�SURGXFWV�PDGH�IURP�UHF\FOHG
ZDVWHV�LQ�JHQHUDO�LV�D�EDUULHU��SDUWLFXODUO\�KD]DUGRXV�ZDVWHV���DQG�LPSURYHG�SXEOLF�DZDUHQHVV
LV�QHHGHG�WR�HOHYDWH�SURGXFW�DFFHSWDQFH���7KH�SXEOLFªV�SRRU�SHUFHSWLRQ�RI�SURGXFWV�IURP�ZDVWH
FRQWULEXWHV�WR�D�ODFN�RI�PRWLYDWLRQ�RU�LQWHUHVW�LQ�FRPLQJ�XS�ZLWK�QHZ�LGHDV�IRU�JODVV�SURGXFWV
PDGH�IURP�ZDVWHV���2WKHU�LPSRUWDQW�EDUULHUV�LQ�WKH�DUHD�RI�HQYLURQPHQW�LQFOXGH�WKH�ODFN�RI
HFRQRPLFDO�DQG�HIILFLHQW�DOWHUQDWLYHV�IRU�ZDWHU�WUHDWPHQW�

5HVHDUFK�1HHGV

5HVHDUFK�WKDW�LV�QHHGHG�WR�RYHUFRPH�WHFKQRORJ\�EDUULHUV�IDOOV�LQWR�WKUHH�PDMRU�DUHDV��SURGXFWV�
SURFHVVLQJ��DQG�DQDO\VLV���3URGXFW�UHVHDUFK�DGGUHVVHV�VSHFLILF�SURGXFW�UHTXLUHPHQWV�DV�ZHOO�DV
WKH�SURFHVVLQJ�QHHGV�XQLTXH�WR�WKH�SURGXFW��VHH�([KLELW��������3URGXFW�FDWHJRULHV�LQFOXGH�
RSWLFDO�SKRWRQLFV��HOHFWULFDO�HOHFWURQLFV��VXQ�SRZHU��FRPSRVLWHV��VWUXFWXUDO��KLJK
VWUHQJWK�RWKHU�SURSHUWLHV��IDUPLQJ��DQG�HQYLURQPHQWDO�ZDVWH�WUHDWPHQW���3URFHVVLQJ�UHVHDUFK
IRFXVHV�RQ�PRUH�JHQHUDO�SURFHVVLQJ�QHHGV�WKDW�ZRXOG�HQDEOH�WKH�GHYHORSPHQW�RI�D�EURDG�UDQJH
RI�SURGXFWV���$QDO\VLV�UHVHDUFK�HPSKDVL]HV�WKH�XQGHUVWDQGLQJ�RI�JODVV�SURSHUWLHV�DQG
DVVRFLDWHG�PHDVXUHPHQW�DQG�PRGHOLQJ�

3URGXFW�6SHFLILF�5HVHDUFK�1HHGV�

2SWLFDO�SKRWRQLF�DSSOLFDWLRQV�IRU�JODVV�LQFOXGH�EDVLF�UHVHDUFK�LQWR�WKH�UHDFWLRQ�RI�JODVV
PDWHULDOV�ZLWK�UDGLDWLRQ�DV�ZHOO�DV�PRUH�DSSOLHG�UHVHDUFK�LQWR�QHZ�JODVV�PDWHULDOV��
&RPSUHKHQVLYH�GHYHORSPHQW�LV�QHHGHG�LQ�WKH�DUHD�RI�QRQ�R[LGH�JODVVHV��ZLWK�HIIRUWV�UDQJLQJ
IURP�LQYHVWLJDWLRQ�RI�UDZ�PDWHULDO�FRPSRVLWLRQV�WKURXJK�ILQDO�SURFHVVLQJ�DQG�IRUPLQJ
WHFKQLTXHV���7KH�GHYHORSPHQW�RI�XOWUDYLROHW��DQG�LQIUDUHG�WUDQVSDUHQW�PDWHULDOV�LV�DOVR
FRQVLGHUHG�LPSRUWDQW�

7R�SURPRWH�WKH�XVH�RI�JODVV�LQ�HOHFWULFDO�HOHFWURQLF�SURGXFWV��UHVHDUFK�LV�QHHGHG�WR�GHYHORS
LQGXVWULDO�VFDOH�FOHDQLQJ�WHFKQRORJLHV���7KLV�LV�UHODWHG�WR�WKH�ODUJH�VFDOH�GHYHORSPHQW�RI�IODW
SDQHO�GLVSOD\V��IRU�ZKLFK�D�ODUJH�PDUNHW�LV�WHFKQLFDOO\�DYDLODEOH�QRZ�

5HVHDUFK�LQ�WKH�DUHD�RI�VXQ�RU�VRODU�SRZHU�LV�QHHGHG�WR�LPSURYH�WKH�HIILFLHQF\��XVDELOLW\��DQG
FRVW�RI�SKRWRYROWDLF�FHOOV���:KLOH�VXFK�UHVHDUFK�PD\�QRW�EH�SXUVXHG�E\�JODVV�FRPSDQLHV��LW�ZLOO
EH�FULWLFDO�WR�SURPRWLQJ�WKH�XVH�RI�JODVV�SURGXFWV�LQ�VRODU�SRZHUHG�V\VWHPV���&RQWLQXHG
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3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

([KLELW�������0DMRU�5HVHDUFK�1HHGV�IRU�,QQRYDWLYH�8VHV��FRQW��



*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���

LPSURYHPHQW�RI�VRODU�OHQV�DQG�PLUURUV�LV�DOVR�FRQVLGHUHG�WR�EH�DQ�LPSRUWDQW�DUHD�IRU�H[SDQGHG
PDUNHW�SHQHWUDWLRQ�RI�VRODU�V\VWHPV���0DUNHWV�IRU�WKHVH�SURGXFWV�ZLOO�EH�DIIHFWHG�E\�IXWXUH�IRVVLO
HQHUJ\�PDUNHWV�DQG�SULFHV�

5HVHDUFK�WR�VXSSRUW�GHYHORSPHQW�RI�LQQRYDWLYH�QHZ�FRPSRVLWHV�VKRXOG�IRFXV�PRVWO\�RQ
SURFHVVLQJ�WHFKQLTXHV���$Q�LPSRUWDQW�DUHD�LV�HQDEOLQJ�UHVHDUFK�WR�SHUPLW�WKH�XVH�RI�ILEHUV�LQ
ILEHU�UHLQIRUFHG�FRQFUHWH��ILEHUV�DUH�FXUUHQWO\�QRW�DONDOL�UHVLVWDQW�DQG�GHJUDGH�DIWHU�FRQWDFW�ZLWK
WKH�FRQFUHWH�FRPSRQHQWV����3URFHVVHV�IRU�IRUPLQJ�JODVV�FHUDPLF�FRPSRVLWHV��LUUHJXODU�VKDSHV�
DQG�FKHDSHU�VRO�SURFHVVLQJ�DUH�DOVR�LQFOXGHG�DV�LPSRUWDQW�WR�WKH�GHYHORSPHQW�RI�QHZ
FRPSRVLWH�SURGXFWV�

5HVHDUFK�LV�QHHGHG�IRU�VWUXFWXUDO�XVHV�RI�JODVV�LQFOXGLQJ�WKH�GHVLJQ�RI�QHZ�SURGXFWV�ZLWK
XQLTXH�DWWULEXWHV�JHDUHG�VSHFLILFDOO\�WRZDUG�HQYLURQPHQWDO�SURWHFWLRQ��HFR�SURGXFWV���HLWKHU
GLUHFWO\�RU�WKURXJK�ZDVWH�XWLOL]DWLRQ���7KLV�LV�DQ�LPSRUWDQW�DUHD�ZLWK�YHU\�EURDG�PDUNHW
SRWHQWLDO���$QRWKHU�LPSRUWDQW�DUHD�ZLWK�WKH�SRWHQWLDO�WR�H[SDQG�H[LVWLQJ�PDUNHWV�LV�WKH
GHYHORSPHQW�RI�§VPDUWHU�¨�OHVV�H[SHQVLYH�VPDUW�ZLQGRZV���2QH�LQQRYDWLYH�LGHD�FRQFHUQV�WKH
GHVLJQ�RI�JODVV�VWUXFWXUDO�SURGXFWV�XVLQJ�RQO\�FRPSUHVVLYH�ORDGV���1XPHURXV�LGHDV�IRU�WKHVH
SURGXFWV�FRXOG�EH�JHQHUDWHG�WKURXJK�XQLYHUVLW\�FRPSHWLWLRQV�RU�VRPH�VLPLODU�PHFKDQLVP�

*ODVV�SURGXFWV�ZLWK�KLJK�VWUHQJWK�RU�RWKHU�VSHFLDO�SURSHUWLHV�DUH�SDUWLFXODUO\�LPSRUWDQW�IRU�QHZ
SURGXFW�GHYHORSPHQW���$�EURDG�UHVHDUFK�HIIRUW�FRXOG�LQYHVWLJDWH�HQWLUHO\�QHZ�DYHQXHV�IRU
LPSDUWLQJ�VWUHQJWK�WR�JODVV���&KHPLFDO�SURFHVVLQJ�LV�DQRWKHU�SRVVLEOH�DSSURDFK�IRU�RSWLPL]LQJ
JODVV�VWUHQJWK�

7KH�FRQVHQVXV�RI�WKH�,QQRYDWLYH�8VHV�*URXS�ZDV�WKDW�WKH�HQYLURQPHQWDO�DSSOLFDWLRQV�RI�JODVV
DUH�SDUWLFXODUO\�XQGHU�XWLOL]HG��SULPDULO\�EHFDXVH�RI�SXEOLF�SHUFHSWLRQV�RI�UHF\FOHG�ZDVWH
SURGXFWV�LQ�JHQHUDO���3URPRWLRQDO�DFWLYLWLHV�RI�VRPH�NLQG�PD\�EH�QHHGHG�WR�LQFUHDVH�DFFHSWDQFH
RI�XVLQJ�YLWULILHG�JODVV�DV�D�ZDVWH�WUHDWPHQW�RSWLRQ���$QRWKHU�LPSRUWDQW�UHVHDUFK�QHHG�LQ�WKH
HQYLURQPHQWDO�DUHD�LV�VRPH�OLIH�F\FOH�DQDO\VLV�RI�JODVV�SURGXFWV�WR�SURPRWH�§GHVLJQ�IRU�UHF\FOH¨
SKLORVRSKLHV���)XQGDPHQWDO�UHVHDUFK�FRXOG�EH�SXUVXHG��SRVVLEO\�WKURXJK�WKH�QDWLRQDO
ODERUDWRULHV��WR�LQYHVWLJDWH�WKH�ODVHU�GHVWUXFWLRQ�RI�12 �¦�D�SRWHQWLDOO\�XVHIXO�QHZ�DSSOLFDWLRQ[

LQ�JODVV�PHOWLQJ�IXUQDFHV�

3URFHVVLQJ�5HVHDUFK�1HHGV

0XFK�RI�WKH�UHVHDUFK�QHHGHG�IRU�JODVV�SURFHVVLQJ�IRFXVHV�RQ�WKH�PHOWLQJ�DQG�UHILQLQJ�RI�JODVV��
7KH�KLJKHVW�SULRULW\�LV�LQ�WKH�GHYHORSPHQW�RI�PRUH�HIIHFWLYH�VHQVRUV�IRU�PHDVXULQJ�DQG
FRQWUROOLQJ�SDUDPHWHUV�WKDW�DUH�FULWLFDO�IRU�RSWLPL]LQJ�WKH�PHOWLQJ�UHILQLQJ�SURFHVV���5HVHDUFK
FRXOG�H[SORUH�LQQRYDWLYH�ZD\V�WR�VHQVH�DQG�FRQWURO�JODVV�VKDSH�SURILOH��LQFOXGLQJ�WKH�XVH�RI
PLFURZDYHV�DQG�XOWUDVRQLF�ZDYHV���5HIUDFWRULHV�DUH�DQRWKHU�DUHD�LQ�ZKLFK�UHVHDUFK�LV�QHHGHG�WR
HQDEOH�WKH�GHVLJQ�DQG�GHYHORSPHQW�RI�LQQRYDWLYH�QHZ�JODVV�SURGXFWV��SDUWLFXODUO\�LQ�WKH�DUHD�RI
UHIUDFWRU\�PHWDOV��ZKLFK�DUH�FXUUHQWO\�YHU\�H[SHQVLYH���,Q�JHQHUDO��DGYDQFHG��LQQRYDWLYH
FRQFHSWV�IRU�PHOWLQJ�JODVV�ZLOO�EH�QHHGHG�WR�SURPRWH�DQG�HQKDQFH�WKH�YLDELOLW\�RI�QHZ�SURGXFW
GHYHORSPHQW�DQG�HQKDQFH�H[LVWLQJ�SURGXFWLRQ���6XSSRUWLQJ�UHVHDUFK�LQFOXGHV�RSWLPL]DWLRQ�RI
IXUQDFH�GHVLJQV�WKURXJK�LQWHJUDWHG�FRPSXWHU�VLPXODWLRQ���5HVHDUFK�WR�GHYHORS�DQ�LQH[SHQVLYH�
UHOLDEOH��RQ�VLWH�VRXUFH�IRU�HOHFWULFLW\�JHQHUDWLRQ��DOWKRXJK�QRW�VSHFLILFDOO\�ZLWKLQ�WKH�UHDOP�RI



3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS

WKH�JODVV�LQGXVWU\��LV�RQH�ZD\�WR�SURPRWH�WKH�XVH�RI�HOHFWULFDO�PHOWLQJ�SURFHVVHV�WKDW�PLJKW�EH
PRUH�FRVW�HIIHFWLYH�IRU�VRPH�SURGXFWV�

�$QDO\VLV�5HVHDUFK�1HHGV

$QDO\VLV�RI�WKH�SK\VLFDO��FKHPLFDO��DQG�PHFKDQLFDO�JODVV�SURSHUWLHV�LV�FULWLFDO�WR�WKH�VXFFHVVIXO
GHYHORSPHQW�RI�PRVW�QHZ�JODVV�SURGXFWV���$�WRS�SULRULW\�LV�LQFUHDVLQJ�NQRZOHGJH�DQG
XQGHUVWDQGLQJ�RI�ZKDW�RFFXUV�DW�WKH�JODVV�VXUIDFH��LQFOXGLQJ�VXUIDFH�PRGLILFDWLRQV��VXUIDFH
LQWHUDFWLRQV��VXUIDFH�FKHPLVWU\�DQG�UHDFWLRQV�RI�WKH�JODVV�LQWHUIDFH�ZLWK�RWKHU�PDWHULDOV���$�ODFN
RI�XQGHUVWDQGLQJ�LQ�WKLV�DUHD��DQG�ODFN�RI�IXQGV�WR�SXUVXH�WKLV�NQRZOHGJH��SURKLELWV�FRPSDQLHV
IURP�SXUVXLQJ�WKH�XVH�RI�JODVV�IRU�D�QXPEHU�RI�DSSOLFDWLRQV���2WKHU�DUHDV�ZKHUH�NQRZOHGJH�RI
JODVV�SURSHUWLHV�LV�ODFNLQJ�LQFOXGH�WKH�R[LGDWLRQ�VWDWH�RI�WKH�JODVV�PHOW��FKHPLFDO�UHDFWLRQV
GXULQJ�PHOWLQJ��DWRPLF�DQG�EXON�JODVV�SURSHUW\�UHODWLRQVKLSV��DQG�JODVV�IORZ�

&ORVHO\�UHODWHG�WR�WKH�XQGHUVWDQGLQJ�RI�JODVV�SURSHUWLHV�LV�WKH�DELOLW\�WR�PHDVXUH�RU�VHQVH�JODVV
SURSHUWLHV�GXULQJ�WKH�JODVVPDNLQJ�SURFHVV���5HVHDUFK�LQ�WKLV�DUHD�VKRXOG�HPSKDVL]H�WKH�QHHG
IRU�UHDO�WLPH�FRPSRVLWH�VHQVLQJ�FDSDELOLW\��LQQRYDWLYH�WHFKQLTXHV�VXFK�DV�OLJKW�VRXUFHV�IRU
PHDVXULQJ�JODVV�SURSHUWLHV�GXULQJ�SURFHVVLQJ��DQG�SURFHVV�LQWHJUDWLRQ�WKURXJK�WKH�XVH�RI
PRGHOV��VHQVRUV��DQG�IHHGEDFN�ORRSV���7KH�VWXG\�RI�WKH�HOHFWURFKHPLVWU\�RI�JODVV�DQG�RWKHU
PDWHULDOV�DW�KLJK�WHPSHUDWXUHV�PD\�SURYLGH�RQH�DSSURDFK�WR�QHZ�VHQVLQJ�FDSDELOLWLHV���7KH
QHHG�IRU�ZD\V�WR�PRGHO�WKH�OLIHWLPH�RI�YHU\�ORQJ�OLIH�SURGXFWV��H�J���EULGJH�RU�URDG�FRPSRQHQWV�
LV�DQ�HVVHQWLDO�UHTXLUHPHQW�IRU�WKH�XVH�RI�JODVV�LQ�QHZ�VWUXFWXUDO�DSSOLFDWLRQV�

$�QXPEHU�RI�UHVHDUFK�QHHGV�LQ�WKH�KLJK�ULVN�FDWHJRU\�ZLOO�UHTXLUH�IXQGDPHQWDO�RU�H[SORUDWRU\
HIIRUWV���0DQ\�RI�WKHVH��H�J���GHYHORSPHQW�RI�PRUH�HIIHFWLYH�VHQVRUV��XQGHUVWDQGLQJ�DQG
PRGHOLQJ�RI�VXUIDFH�FKHPLVWU\�DQG�LQWHUDFWLRQV��DQG�HQWLUHO\�QHZ�FRQFHSWV�IRU�LPSDUWLQJ
VWUHQJWK�WR�JODVV��PD\�EH�RI�D�VFRSH�WKDW�LV�DSSURSULDWH�IRU�MRLQW�JRYHUQPHQW�LQGXVWU\�VXSSRUW��
6RPH�DUH�FRQVLGHUHG�WR�KDYH�YHU\�KLJK�SD\RII��LQGLFDWLQJ�WKDW�D�VXFFHVVIXO�5	'�HIIRUW�FRXOG
SURYLGH�EHQHILWV�DW�WKH�QDWLRQDO�OHYHO�DV�ZHOO�DV�WR�LQGLYLGXDO�JODVV�FRPSDQLHV�DQG�WKH�HQWLUH
JODVV�LQGXVWU\�

6HJPHQW�6SHFLILF�3ULRULWLHV

5HSUHVHQWDWLYHV�IURP�HDFK�RI�WKH�IRXU�LQGXVWU\�VHJPHQWV�SULRULWL]HG�UHVHDUFK�DUHDV�WKDW�DUH
PRVW�LPSRUWDQW�WR�WKHLU�LQGLYLGXDO�VHJPHQWV���$OO�VHJPHQWV�FLWHG�LQDGHTXDWH�PHDVXUHPHQW�DQG
FRQWURO�RI�SURFHVV�YDULDEOHV�DV�D�NH\�SUREOHP���2WKHU�SULRULWLHV�IRU�LQGLYLGXDO�VHJPHQWV�LQFOXGH�

& )ODW�JODVV���5HIUDFWRU\�UHODWHG�SUREOHPV��SULPDULO\�GHIHFWV�LPSDUWHG�WR�WKH�JODVV�IURP
UHIUDFWRULHV��DUH�WKH�PRVW�FULWLFDO�UHVHDUFK�LVVXH�IRU�WKLV�VHJPHQW�

& &RQWDLQHU�JODVV���&RQWUROOLQJ�WHPSHUDWXUHV�DQG�PDLQWDLQLQJ�KRPRJHQHRXV�WHPSHUDWXUHV�DW�WKH
JRE�DUH�D�PDMRU�SUREOHP�IRU�FRQWDLQHU�JODVV�PDQXIDFWXUHUV���5HIUDFWRU\�UHODWHG�GHIHFWV�DOVR
FUHDWH�PDQ\�SUREOHPV�IRU�WKLV�VHJPHQW�

& *ODVV�ILEHU���8QGHUVWDQGLQJ�SKHQRPHQRQ�DW�WKH�JODVV�VXUIDFH��FKHPLVWU\��LQWHUDFWLRQV��LV�WKH
PDMRU�UHVHDUFK�QHHG�IRU�JODVV�ILEHU�PDQXIDFWXUHUV��

& 6SHFLDOW\�JODVV���6XUIDFH�SKHQRPHQRQ�DQG�UHIUDFWRULHV�DUH�PDMRU�LVVXHV�IRU�VSHFLDOW\�JODVV
PDQXIDFWXUHUV��SDUWLFXODUO\�WKH�QHHG�IRU�LQH[SHQVLYH�DOWHUQDWLYHV�WR�SUHFLRXV�PHWDOV�DQG
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PHWDO�UHIUDFWRULHV���7KH�GLVSRVDO�RI�XVHG�UHIUDFWRULHV��ZKLFK�DUH�D�KD]DUGRXV�ZDVWH��LV�DOVR�DQ
LQFUHDVLQJ�DQG�FRVWO\�SUREOHP�IRU�DOO�VHJPHQWV�RI�WKH�JODVV�LQGXVWU\���8QGHUVWDQGLQJ�UDGLDWLYH
SURSHUWLHV��LQIUDUHG��XOWUDYLROHW��ZLOO�EH�YHU\�LPSRUWDQW�IRU�VRPH�QHZ�SURGXFW�GHYHORSPHQW�

7LPH�IUDPHV�IRU�UHVHDUFK�DUH�RUJDQL]HG�DFFRUGLQJ�WR�WKH�YDULRXV�UHVHDUFK�FDWHJRULHV�IRU
SURGXFWV��SURFHVVHV��DQG�DQDO\VLV�LQ�([KLELW�������1HDU�WHUP�LV�GHILQHG�DV���WR���\HDUV��PLG�WHUP
LV�GHILQHG�DV�EHWZHHQ���DQG����\HDUV��DQG�ORQJ�WHUP�LV�GHILQHG�DV�JUHDWHU�WKDQ����\HDUV���6RUWLQJ
UHVHDUFK�DFFRUGLQJ�WR�WKHVH�FDWHJRULHV�LV�GLIILFXOW��DV�PXFK�RI�WKH�UHVHDUFK�RYHUODSV�VHYHUDO�WLPH
IUDPHV���&RPSURPLVH�FDWHJRULHV�DFFRPPRGDWH�UHVHDUFK�QHHGV�IRU�ZKLFK�WLPH�IUDPHV�DUH�PRUH
XQFHUWDLQ���2QH�VXFK�FDWHJRU\��WLWOHG�§QHDU�PLG�ORQJ�WHUP�¨�LQFOXGHV�UHVHDUFK�WKDW�PD\�KDYH
UHVXOWV�LQ�WKH�QHDU�WHUP��EXW�LV�DOVR�H[SHFWHG�WR�FRQWLQXH�WKURXJKRXW�WKH�PLG��DQG�ORQJ�WHUPV���

,Q�FKRRVLQJ�WLPH�IUDPHV��WKH�,QQRYDWLYH�8VHV�*URXS�FRQVLGHUHG�D�QXPEHU�RI�HOHPHQWV�UHODWHG
WR�PDUNHW�FRQGLWLRQV�DQG�UHVHDUFK�LVVXHV���2QH�LPSRUWDQW�IDFWRU�LV�PDUNHW�GHYHORSPHQW��L�H���LV
WKH�PDUNHW�DOUHDG\�LQ�H[LVWHQFH��RU�ZLOO�LW�QHHG�WR�GHYHORS�RYHU�WLPH"����7KH�IRUP�DQG�VWDWXV�RI
UHVHDUFK�DOVR�DIIHFWV�WLPH�IUDPH���)RU�H[DPSOH��LI�UHVHDUFK�LQ�D�SDUWLFXODU�DUHD�LV�DOUHDG\�LQ
SURJUHVV��UHVXOWV�PLJKW�EH�H[SHFWHG�LQ�WKH�QHDU��WR�PLG�WHUP���7KH�W\SH�RI�UHVHDUFK�QHHGHG
�IXQGDPHQWDO��HQJLQHHULQJ�DQG�GHYHORSPHQW�YHUVXV�SLORW�VFDOH��LV�DOVR�D�JRRG�LQGLFDWRU�RI�KRZ
ORQJ�LW�PLJKW�WDNH�EHIRUH�PDUNHW�LPSDFW�LV�IHOW���0XFK�RI�WKH�QHHGHG�UHVHDUFK�IDOOV�LQWR�WKH�QHDU�
DQG�PLG�WHUP�WLPH�IUDPHV��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�PDUNHWLQJ�SKLORVRSK\�DQG�SURGXFW
GHYHORSPHQW�VWUDWHJLHV�RI�PRVW�RI�SULYDWH�LQGXVWU\�

3D\RII�DQG�5LVN

$Q�DQDO\VLV�RI�WKH�SRWHQWLDO�EHQHILWV�RI�UHVHDUFK�YHUVXV�WKH�DVVRFLDWHG�ULVNV�SURYLGHV�DGGLWLRQDO
SHUVSHFWLYH�IRU�UHVHDUFK�SODQQLQJ���5LVN�LV�EURDGO\�LQWHUSUHWHG�DV�WKH�SUREDELOLW\�WKDW�WKH
UHVHDUFK�ZLOO�UHVXOW�LQ�D�VXFFHVVIXO�RXWFRPH��DQG�LQFOXGHV�DOO�IDFWRUV�WKDW�FRXOG�DIIHFW�RXWFRPH�
VXFK�DV�OHQJWK�DQG�FRVW�RI�UHVHDUFK��GHYHORSPHQW�RI�PDUNHWV��DQG�WHFKQLFDO�EDUULHUV���3D\RII�LV
LQWHUSUHWHG�DV�EHLQJ�D�PHDVXUH�RI�ERWK�FRPPHUFLDO�SURILWDELOLW\�DQG�DQ�LQFUHDVH�LQ�WKH�XVH�RI
JODVV�IRU�ERWK�QHZ�DQG�H[LVWLQJ�SURGXFWV���7KH�JURXS�SODFHG�UHVHDUFK�QHHGV�RQ�D�JULG�DFFRUGLQJ
WR�WKHLU�SHUFHLYHG�ULVN�DQG�SD\RII��VKRZQ�LQ�([KLELW������

0RVW�UHVHDUFK�QHHGV�IDOO�LQWR�WKH�KLJKHU�SD\RII�FDWHJRU\��ZLWK�WKH�HQWLUH�UDQJH�RI�ULVN
UHSUHVHQWHG���6RPH�RI�WKH�KLJKHVW�SD\RII�LGHDV�LQFOXGH�WKH�GHYHORSPHQW�RI�VHQVRUV�IRU
PHDVXUHPHQW�DQG�FRQWURO�RI�FULWLFDO�SDUDPHWHUV��UHVHDUFK�WR�XQGHUVWDQG�JODVV�VXUIDFH
SKHQRPHQRQ��GHYHORSPHQW�RI�KLJK�VWUHQJWK�JODVV��DQG�DGYDQFHG�PHOWLQJ�FRQFHSWV���0RVW�RI
WKHVH�LGHDV�DUH�DOVR�YLHZHG�DV�WRS�UHVHDUFK�SULRULWLHV�
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� 6XPPDU\�6HVVLRQ
7KH�6XPPDU\�6HVVLRQ�SURYLGHG�DQ�RSSRUWXQLW\�IRU�WKH�LQGLYLGXDO�ZRUN�JURXSV�WR�VKDUH�WKHLU
UHVXOWV�ZLWK�DOO�SDUWLFLSDQWV���$�UHSUHVHQWDWLYH�IURP�HDFK�JURXS�SUHVHQWHG�NH\�ILQGLQJV�DQG
VXPPDUL]HG�GLVFXVVLRQV�RQ�WDUJHWV��WHFKQRORJ\�EDUULHUV��UHVHDUFK�QHHGV��OLQNDJHV��DQG
FKDUDFWHULVWLFV�RI�SULRULW\�UHVHDUFK���7KH�ILQGLQJV�DQG�UHFRPPHQGDWLRQV�RI�HDFK�JURXS�DUH
GHVFULEHG�LQ�IXOO�LQ�&KDSWHUV���WKURXJK�����)ROORZLQJ�WKH�SUHVHQWDWLRQV�IURP�HDFK�JURXS��DQ
RSHQ�GLVFXVVLRQ�ZDV�KHOG�WR�HOLFLW�JHQHUDO�FRPPHQWV�DERXW�WKH�ZRUNVKRS�SURFHVV�DQG�H[SORUH
WKH�QH[W�VWHSV�LQ�WKH�URDGPDS�SURFHVV�

&RPPRQ�5HVHDUFK�$UHDV

6HYHUDO�DUHDV�RI�UHVHDUFK�HPHUJHG�DV�EHLQJ�LPSRUWDQW�WR�DOO�WKH�ZRUN�JURXSV�DV�ZHOO�DV�DOO
VHJPHQWV�RI�WKH�JODVV�LQGXVWU\���$Q�RYHUZKHOPLQJ�QXPEHU�RI�WKHVH�DUHDV�DUH�UHODWHG�WR�WKH
PHOWLQJ�SRUWLRQ�RI�WKH�JODVVPDNLQJ�SURFHVV¦WKH�PRVW�HQHUJ\�LQWHQVLYH�DQG�FRVWO\�FRPSRQHQW
RI�JODVV�SURGXFWLRQ���$V�VKRZQ�LQ�([KLELW������WKHUH�LV�D�FRQVLGHUDEOH�QHHG�IRU�LPSURYHG
NQRZOHGJH�RI�WKH�SK\VLFDO�DQG�FKHPLFDO�SKHQRPHQD�WKDW�RFFXU�GXULQJ�WKH�PHOWLQJ�SURFHVV�
LQFOXGLQJ�WKH�FRPEXVWLRQ�RI�IXHO�LQ�WKH�IXUQDFH��WKH�EHKDYLRU�RI�WKH�JODVV�PHOW��DQG�WKH
LQWHUDFWLRQ�EHWZHHQ�FRPEXVWLRQ�DQG�WKH�PHOW���8QGHUVWDQGLQJ�WKHVH�SKHQRPHQD�DQG�WKHLU
LQWHUUHODWLRQVKLSV�LV�FULWLFDO�WR�RSWLPL]LQJ�WKH�PHOWLQJ�SURFHVV�DQG�DFKLHYLQJ�WKH�GHVLUHG�JODVV
TXDOLW\���7KH�FXUUHQW�ODFN�RI�XQGHUVWDQGLQJ�LQ�WKLV�DUHD�FDQ�UHVXOW�LQ�LQHIILFLHQW�IXUQDFH�GHVLJQV�
KLJKHU�WKDQ�QHFHVVDU\�HQHUJ\�FRQVXPSWLRQ��GLIILFXOW\�LQ�FRQWUROOLQJ�GHIHFW�UDWHV��DQG�WKH
JHQHUDWLRQ�RI�H[FHVVLYH�SROOXWDQW�HPLVVLRQV�

&ORVHO\�OLQNHG�WR�WKH�LQFRPSOHWH�XQGHUVWDQGLQJ�RI�SURFHVV�EHKDYLRU�LV�WKH�OLPLWDWLRQ�RI
FXUUHQWO\�DYDLODEOH�VHQVRUV�DQG�FRQWUROV���$GYDQFHG�VHQVRU�DQG�FRQWURO�V\VWHPV�WKDW�FDQ
HIIHFWLYHO\�PHDVXUH�DQG�DGMXVW�FULWLFDO�SDUDPHWHUV�GXULQJ�WKH�PHOWLQJ�SURFHVV��H�J���WHPSHUDWXUH�
YLVFRVLW\��IORZ��ZLOO�JUHDWO\�LPSURYH�SURFHVV�HIILFLHQF\�DQG�PRUH�UHOLDEO\�FRQWURO�WKH�TXDOLW\�RI
JODVV�SURGXFWV���7KH�FUHDWLRQ�RI�D�FHQWUDO�IDFLOLW\�ZKHUH�WHVWLQJ�DQG�UHVHDUFK�FRXOG�EH�SHUIRUPHG
ZRXOG�JR�D�ORQJ�ZD\�LQ�IRVWHULQJ�LQFUHDVHG�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�WKH�PHOW�SURFHVV�
DQG�ZRXOG�DOVR�IDFLOLWDWH�WKH�GHYHORSPHQW�RI�PRUH�HIIHFWLYH�VHQVRUV�DQG�FRQWUROV�

$QRWKHU�FULWLFDO�QHHG�LV�WKH�GHYHORSPHQW�RI�LQQRYDWLYH�QHZ�SURFHVVHV�DQG�IXUQDFH�GHVLJQV�WR
LPSURYH�WKH�RYHUDOO�HIILFLHQF\�RI�WKH�PHOWLQJ�SURFHVV���5HVHDUFK�LV�QHHGHG�WR�GHYHORS�HQWLUHO\
QHZ�FRQFHSWV�IRU�PHOWLQJ�DQG�UHILQLQJ�JODVV��DQG�WR�DFKLHYH�QHHGHG�LPSURYHPHQWV�WR�H[LVWLQJ
WHFKQRORJ\���$�JRRG�H[DPSOH�LV�R[\JHQ�IXHO�ILULQJ�RI�WKH�IXUQDFH��ZKLFK�HVVHQWLDOO\�HOLPLQDWHV
HPLVVLRQV�RI�12 �EXW�FDQ�FRQWULEXWH�WR�LQFUHDVHG�FRUURVLRQ�SUREOHPV���7R�SURPRWH�XWLOL]DWLRQ�RI[
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WKLV�HQYLURQPHQWDOO\�VRXQG�WHFKQRORJ\��LPSURYHPHQWV�DUH�QHHGHG�WR�UHGXFH�UHIUDFWRU\
FRUURVLRQ�DQG�WR�PRUH�FRVW�HIIHFWLYHO\�SURGXFH�WKH�UHTXLUHG�R[\JHQ�

5HIUDFWRU\�PDWHULDOV�DUH�DQ�LPSRUWDQW�LVVXH�IRU�DOO�VHJPHQWV�RI�WKH�JODVV�LQGXVWU\���&XUUHQW
UHIUDFWRULHV�KDYH�D�UHODWLYHO\�OLPLWHG�OLIH�DQG�PXVW�EH�UHSODFHG�DW�JUHDW�H[SHQVH���,Q�DGGLWLRQ��WKH
XVHG�UHIUDFWRULHV�PD\�EH�KD]DUGRXV�DQG�PXVW�EH�GLVSRVHG�RI�DFFRUGLQJO\��DOVR�FRVWO\����$QRWKHU
SUREOHP�DULVHV�DV�FRQYHQWLRQDO�UHIUDFWRU\�PDWHULDOV�GHFRPSRVH�DQG�LPSDUW�GHIHFWV�WR�WKH�JODVV
PHOW���7KH�ODFN�RI�FKHDS�UHIUDFWRU\�PHWDOV�LV�DOVR�DQ�LPSRUWDQW�LVVXH�DQG�FDQ�SUHFOXGH�WKH
GHYHORSPHQW�RI�QHZ�SURGXFWV�DQG�FRPSHWLWLYH�SULFLQJ�RI�FXUUHQW�SURGXFWV�

([KLELW�������&RPPRQ�*ODVV�,QGXVWU\�5HVHDUFK�1HHGV

Fundamental
Understandin g/ Sensors and
Models Materials Controls Process Desi gn

Raw Materials/
Glass
Composition

([SORUH�DOWHUQDWLYH
UDZ�PDWHULDOV�IRU
JODVV�SURGXFWLRQ�
LQFOXGLQJ
VXEVWLWXWHV�IRU�WR[LF
JODVV�FRPSRQHQWV

'HVLJQ�JODVV
FRPSRVLWLRQV�ZLWK
KLJKHU�VWUHQJWK

Meltin g/Glass
Furnace

,PSURYH�XQGHUVWDQGLQJ 'HYHORS�UHIUDFWRULHV 'HYHORS�GXUDEOH� 2SWLPL]H�IXUQDFH
RI�FRPEXVWLRQ ZLWK�ORQJHU�OLIH�DQG UHOLDEOH��KLJK� VL]H�DQG
G\QDPLFV PRUH�UHVLVWDQFH�WR WHPSHUDWXUH�VHQVRUV FRQILJXUDWLRQ�

,QFUHDVH�NQRZOHGJH�RI HQYLURQPHQWV SDUDPHWHUV��H�J�� 3XUVXH�LQQRYDWLYH
WKH�SK\VLFDO�DQG WHPSHUDWXUH� QRQ�WUDGLWLRQDO
FKHPLFDO�SURSHUWLHV�RI 'HYHORS�FRVW� YLVFRVLW\��12 � FRQFHSWV�IRU
WKH�JODVV�PHOW HIIHFWLYH�DOWHUQDWLYHV FRORUDQWV��YHORFLW\� PHOWLQJ�DQG

,QFUHDVH�XQGHUVWDQGLQJ ,PSURYH�GHIHFW
RI�FRUURVLRQ�LQ�WKH�R[\� GHWHFWLRQ� ,PSURYH�R[\�IXHO
IXHO�HQYLURQPHQW PHDVXUHPHQW��DQG ILULQJ�V\VWHPV

'HYHORS�FRXSOHG FKHDSHU�R[\JHQ
PRGHOV�WKDW�VLPXODWH 'HVLJQ�LQWHOOLJHQW SURGXFWLRQ��
FRPEXVWLRQ�DQG�JODVV PRGHO�EDVHG�FRQWURO
PHOW�EHKDYLRU� DQG�SURFHVV
LQFOXGLQJ�HPLVVLRQV RSWLPL]DWLRQ

(VWDEOLVK�D�FHQWUDO
UHVHDUFK�IDFLOLW\�IRU
FRPEXVWLRQ�DQG
IXUQDFH�WHVWLQJ�DQG
PRGHO�YDOLGDWLRQ

KLJK�WHPSHUDWXUH IRU�PHOWLQJ

WR�UHIUDFWRU\�PHWDOV UHILQLQJ�JODVV

[

FRQWURO �FRUURVLRQ�FRQWURO�

V\VWHPV
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$�PDMRU�LVVXH�IRU�DOO�JURXSV�LV�WKH�QHHG�IRU�DOWHUQDWLYH�UDZ�PDWHULDOV�IRU�JODVV�SURGXFWLRQ��
3DUWLFXODUO\�LPSRUWDQW�DUH�VXEVWLWXWHV�IRU�WKH�WR[LF�RU�KD]DUGRXV�FRPSRQHQWV�FXUUHQWO\�XVHG�LQ
JODVV��ZKLFK�FDUU\�HQYLURQPHQWDO�DQG�UHJXODWRU\�EXUGHQV�

*HQHUDO�&RPPHQWV

7KH�ZRUNVKRS�ZDV�HIIHFWLYH�LQ�EULQJLQJ�WRJHWKHU�PHPEHUV�RI�WKH�JODVV�LQGXVWU\�WR�GLVFXVV�D
ZLGH�YDULHW\�RI�WHFKQRORJ\�FKDOOHQJHV�DQG�UHVHDUFK�QHHGV���0DQ\�LQGLFDWHG�WKDW�WKH\�ZHUH
LPSUHVVHG�ZLWK�WKH�DELOLW\�RI�WKH�LQGXVWU\�WR�ZRUN�WRJHWKHU�WR�LGHQWLI\�VRPH�FRPPRQ�JRDOV��DQG
FRQVLGHUHG�LW�DQ�RXWVWDQGLQJ�DFKLHYHPHQW���0RVW�ZHUH�VXUSULVHG�E\�WKH�FRPPRQDOLWLHV
LGHQWLILHG�EHWZHHQ�GLIIHUHQW�VHJPHQWV�RI�WKH�LQGXVWU\�

7KH�LVVXH�RI�LQGXVWU\�SDUWLFLSDWLRQ�DQG�FRVW�VKDULQJ�ZDV�HPSKDVL]HG�E\�VHYHUDO�SDUWLFLSDQWV��
7KH�SXUSRVH�RI�WKH�ZRUNVKRS�DQG�WKH�URDGPDS�SURFHVV�LV�WR�GHYHORS�WHFKQRORJ\¦LQ�PDQ\
FDVHV�WKLV�ZLOO�UHTXLUH�FRVW�VKDULQJ���7KH�SUREOHP�LV�WR�LGHQWLI\�UHVHDUFK�WKDW�LV�LPSRUWDQW
HQRXJK�IRU�FRUSRUDWH�GROODUV��LQ�YLHZ�RI�SDUWLFXODUO\�VFDUFH�UHVHDUFK�IXQGV���,Q�WKLV�VDPH�YHLQ�
WKH�FRPPHQW�ZDV�PDGH�WKDW�LQGXVWU\�PDQDJHPHQW�PXVW�EHFRPH�PRUH�UHVHDUFK�RULHQWHG�LQ
RUGHU�WR�LQFUHDVH�WKH�SURILWDELOLW\�RI�WKH�LQGXVWU\���,W�ZDV�VXJJHVWHG�WKDW�WKH�8�6��'HSDUWPHQW�RI
(QHUJ\�HQFRXUDJH�XQLYHUVLWLHV�DQG�QRQ�SURILWV�WR�WHDP�ZLWK�LQGXVWU\�WR�GR�UHVHDUFK��DV�LW�LV
GLIILFXOW�IRU�WKHP�WR�SURYLGH�FRVW�VKDULQJ�RQ�WKHLU�RZQ���-RLQW�SURJUDPV�ZLWK�XQLYHUVLWLHV�DQG
VXSSOLHUV�FRXOG�DOVR�EH�YHU\�LPSRUWDQW�DQG�VKRXOG�EH�FRQVLGHUHG�

6HYHUDO�SDUWLFLSDQWV�H[SUHVVHG�FRQFHUQV�DERXW�JODVV�UHVHDUFK�DW�WKH�QDWLRQDO�ODERUDWRULHV���7KH
FRQFHUQ�ZDV�YRLFHG�WKDW�WKH�QDWLRQDO�ODERUDWRULHV�VKRXOG�QRW�SXUVXH�UHVHDUFK�LQ�DUHDV�WKDW�DUH
DOUHDG\�EHLQJ�SXUVXHG�E\�LQGXVWU\��EHFDXVH�SRWHQWLDOO\�VHQVLWLYH�SURGXFW�GHYHORSPHQW
LQIRUPDWLRQ�FRXOG�EHFRPH�DYDLODEOH�SXEOLFO\���,Q�JHQHUDO��WKH�LQGXVWU\�LV�UHOXFWDQW�WR�SXUVXH
FROODERUDWLYH�UHVHDUFK�HIIRUWV�EHFDXVH�RI�SURSULHWDU\�LVVXHV�

$�QXPEHU�RI�SDUWLFLSDQWV�VWDWHG�WKDW�OLDELOLW\�LVVXHV�ZLOO�FRQWLQXH�WR�EH�D�PDMRU�GHWHUUHQW�WR�WKH
H[SDQVLRQ�RI�WKH�JODVV�LQGXVWU\��SDUWLFXODUO\�LQ�WKH�DUHDV�RI�LQQRYDWLYH�JODVV�SURGXFWV�IRU
LQIUDVWUXFWXUH�DQG�PHGLFDO�ELRORJLFDO�DSSOLFDWLRQV���,W�ZDV�VXJJHVWHG�WKDW�WKLV�DUHD�EH�ORRNHG�DW
VRRQ�WR�KHOS�RYHUFRPH�WKLV�EDUULHU�

1H[W�6WHSV

3DUWLFLSDQWV�LGHQWLILHG�VHYHUDO�QH[W�VWHSV�WR�FRPSOHWH�WKH�URDGPDS�DQG�SXUVXH�UHVHDUFK
RSSRUWXQLWLHV�

& &RPPLWWHHV�FRXOG�EH�IRUPHG�WR�H[DPLQH�FRPPRQ�DUHDV�RI�LQWHUHVW�LQ�PRUH�GHSWK��H�J��
UHIUDFWRULHV��VHQVRUV�

& 7DVN�JURXSV�FRXOG�EH�IRUPHG�WR�DLG�LPSOHPHQWDWLRQ�RI�WKH�URDGPDS
& ,QGXVWU\�FRXOG�ZRUN�FROOHFWLYHO\�WR�OREE\�IRU�IXQGLQJ�IRU�JODVV�UHVHDUFK�SURJUDPV
& 7KH�RULJLQDO�VXEFRPPLWWHHV�FRXOG�EH�PDLQWDLQHG�DV�VWDQGLQJ�FRPPLWWHHV�WKDW�SURYLGH

DQQXDO�LQSXW�DQG�UHYLHZ�RQ�WHFKQRORJ\�QHHGV
& $�OLVW�RI�LQGXVWU\�ZLGH�LVVXHV�FRXOG�EH�IRUPXODWHG�IRU�FRQJUHVVPDQ�RU�VHQDWRUV
& &RQVHQVXV�RQ�WKH�URDGPDS�GRFXPHQW�VKRXOG�EH�REWDLQHG�VR�LW�FDQ�PRYH�IRUZDUG
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2Q�WKH�JRYHUQPHQW�VLGH��D�5HTXHVW�IRU�3URSRVDOV��5)3��IRU�SUH�FRPSHWLWLYH�JODVV�UHVHDUFK��VHH
$SSHQGL[�&�IRU�UHVHDUFK�SULRULWLHV��ZLOO�EH�LVVXHG�VKRUWO\��ZLWK�DZDUGV�WR�EH�PDGH�LQ�2FWREHU
�������&RPSDQLHV�ZLOO�EH�DVNHG�WR�SLFN�DQG�FKRRVH�ZKHUH�WKH\�IHHO�WKHLU�UHVHDUFK�GROODUV�ZLOO
KDYH�WKH�PRVW�LPSDFW���7KH�FRQFHUQ�ZDV�UDLVHG�WKDW�HQRXJK�WLPH�EH�DOORZHG�EHWZHHQ�WKH
LVVXDQFH�RI�WKH�5)3�DQG�VXEPLVVLRQ�GHDGOLQHV�WR�SHUPLW�WKH�GHYHORSPHQW�RI�D�FRPSUHKHQVLYH
SURSRVDO�

,Q�DGGLWLRQ��WKH�JODVV�LQGXVWU\�WHFKQRORJ\�URDGPDS�LV�SURMHFWHG�WR�EH�SXEOLVKHG�E\�6HSWHPEHU
�������7KH�SURFHVV�ZLOO�LQFOXGH�FRQYHQLQJ�WKH�VXEFRPPLWWHH�FKDLUV�WR�HGLW�DQG�GUDIW�WKH
URDGPDS��DQG�D�VXEVHTXHQW�UHYLHZ�RI�WKH�GUDIW�E\�WKH�JODVV�LQGXVWU\��ZRUNVKRS�DWWHQGHHV�DQG
LQYLWHHV��VXEFRPPLWWHH�PHPEHUV��
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$SSHQGL[�$

3DUWLFLSDQW�/LVW
3HWHU�$QJHOLQL :LOOLDP�$XJVEXUJHU
3URMHFW�0DQDJHU 7HFKQLFDO�'LUHFWRU
2DN�5LGJH�1DWLRQDO�/DERUDWRU\ 7HFKQHJODV��,QF�

.DQZDO�%KDWLD 5ROI�%XWWHUV
0DQXIDFWXULQJ�(QJLQHHULQJ 3URJUDP�0DQDJHU
)RUG�0RWRU�&R� 8�6��'HSDUWPHQW�RI�(QHUJ\

(XJHQH�'DYLV &KDUOHV�'UXPPRQG
0DQDJHU��0HOWLQJ�7HFKQRORJ\ $VVRFLDWH�3URIHVVRU
7KRPVRQ�&RQVXPHU�(OHFWURQLFV 2KLR�6WDWH�8QLYHUVLW\

.HYLQ�)D\ /DXUHQFH�)HGHU
'LUHFWRU��6DIHW\��+HDOWK��	�(QYLURQ��$IIDLUV $VVLVWDQW�'LUHFWRU��3URJUDP�'HYHORSPHQW
33*�,QGXVWULHV��,QF� ,QVWLWXWH�RI�*DV�7HFKQRORJ\

-DPHV�)HQVWHUPDFKHU 'RQDOG�)RVWHU
3K\VLFDO�	�&KHPLFDO�*ODVV�6SHFLDOLVW +HDG��1HZ�,QLWLDWLYHV�DQG�3DUWQHUVKLSV
2ZHQV�%URFNZD\�*ODVV�&RQWDLQHU /DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\

5REHUW�*DOODJKHU 'LFN�*DOXVKD
0DQDJHU��5HPRWH�6HQVLQJ�DQG�,QGXVWULDO 6U��3URMHFW�0HOWLQJ�(QJLQHHU
3URJUDPV�'HSDUWPHQW &RUQLQJ�,QFRUSRUDWHG
6DQGLD�1DWLRQDO�/DERUDWRULHV

3HWHU�*HUKDUGLQJHU -RKQ�*RRG\HDU
5HVHDUFK�$VVRFLDWH 0DQDJHU��(QJLQHHULQJ�	�5HVHDUFK
3LONLQJWRQ�/LEEH\�2ZHQV�)RUG )RUG�0RWRU�&R�

0LFKDHO�*UHHQPDQ 0LFKDHO�+DUULV
0DQDJHU��6SHFLDO�3URMHFWV 3URMHFW�0DQDJHU
&DUU�/RZUH\ &RUQLQJ�,QFRUSRUDWHG

1RVKLU�+DYHZDOD 0DQDJHU��3URFHVV�7HFKQRORJLHV
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&RUQLQJ�,QFRUSRUDWHG 9LQFHQW�+HQU\
0DQDJHU��$GYDQFHG�7HFKQRORJ\
'HSDUWPHQW��*ODVV�'LYLVLRQ
)RUG�0RWRU�&R�

+DQQ�6KHQJ�+XDQJ 1RUPDQ�+XII
&KHPLFDO�(QJLQHHU 5HVHDUFK�$VVRFLDWH
$UJRQQH�1DWLRQDO�/DERUDWRU\ 2ZHQV�&RUQLQJ

6WHYH�+XWFKLQV 5DPHVK�-DLQ
(QJLQHHU 3URJUDP�0DQDJHU
*OHQVKDZ 8�6��'HSDUWPHQW�RI�(QHUJ\

&KULVWRSKHU�-LDQ 7KHRGRUH�-RKQVRQ
$GYDQFHG�(QJLQHHU 7HDP�/HDGHU��*ODVV
2ZHQV�&RUQLQJ 8�6��'HSDUWPHQW�RI�(QHUJ\

2WWR�-RQHV -RH�*��.HOOHU
0IJ�%\�3URGXFW�0DQDJHU $GYLVRU\�(QJLQHHU
&HUWDLQ7HHG�&RUS� ,GDKR�1DWLRQDO�(QJLQHHULQJ�	

(QYLURQPHQWDO�/DERUDWRU\

.ZDNX�.RUDP -HUU\�.\QLN
6HQLRU�7HFKQRORJ\�6SHFLDOLVW 3URFHVV�DQG�740�&RQVXOWDQW
)RUG�0RWRU�&R� 6W��*HRUJH�&U\VWDO��/WG�

:LOOLDP�/D&RXUVH -HII�/RZU\
'LUHFWRU 0DQDJHU��(QYLURQPHQWDO�&RQWURO
&HQWHU�IRU�*ODVV�5HVHDUFK 7HFKQHJODV��,QF�

'DQLHO�/XEHOVNL $OH[�0DUNHU
0DQDJHU��*ODVV�0IJ��'HYHORSPHQW 'LUHFWRU�RI�5HVHDUFK�DQG�'HYHORSPHQW
3LONLQJWRQ�/LEEH\�2ZHQV�)RUG 6FKRWW�*ODVV�7HFKQRORJLHV�,QF�

-RKQ�0F&RQQHOO 3KLO�1HZHOO
0DQDJHU��6SHFLDO�3URMHFWV (QYLURQPHQWDO�(QJLQHHU
33*�,QGXVWULHV��,QF� *XDUGLDQ�,QGXVWULHV�&RUS�

)UHGHULF�4XDQ 3KLOLS�5RVV
5HVHDUFK�&RQWUDFW�0DQDJHU &RQVXOWDQW
&RUQLQJ�,QFRUSRUDWHG *ODVV�,QGXVWU\�&RQVXOWLQJ

)UHG�6FKDHIIHU 0DQDJHU��%XVLQHVV�$OOLDQFHV
)XUQDFH�'HVLJQ�0DQDJHU 3UD[DLU��,QF�
/LEEH\�*ODVV
5RQDOG�6FKURHGHU
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:DOWHU�6FRWW -DPHV�6KHOO
0DQDJHU 6HQLRU�*ODVV�7HFKQRORJLVW
33*�,QGXVWULHV��,QF� 7HFKQHJODV��,QF�

&KDUOHV�6RUUHOO *HRUJH�9DFKWVHYDQRV
3URJUDP�0DQDJHU 3URIHVVRU��(OHFWULFDO��&RPSXWHU�(QJLQHHULQJ
8�6��'HSDUWPHQW�RI�(QHUJ\ *HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\
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$SSHQGL[�%

$JHQGD

*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS
$JHQGD

$SULO������������

7LPH $FWLYLW\ 2UJDQL]HU /RFDWLRQ

7KXUVGD\��$SULO���

��������������$0 5(*,675$7,21 0DUFLH�3ULQFH��(QHUJHWLFV��,QF� )R\HU�WR
%DOOURRP

��������������30 3/(1$5<�6(66,21 %DOOURRP
5RRP

:HOFRPH 7KHRGRUH�-RKQVRQ��8�6�
'HSDUWPHQW�RI�(QHUJ\��'2(�

6XEFRPPLWWHH�2YHUYLHZV

� 3URGXFWLRQ�(IILFLHQF\� 9LQFH�+HQU\��)RUG�0RWRU�&RPSDQ\
� (QHUJ\�(IILFLHQF\� -DPHV�6KHOO��7HFKQHJODV
� (QY��3URWHFWLRQ�5HF\FOLQJ .HYLQ�)D\��33*�,QGXVWULHV
� ,QQRYDWLYH�8VHV )UHGHULF�4XDQ��&RUQLQJ�*ODVV

,QVWUXFWLRQV -DFN�(LVHQKDXHU��(QHUJHWLFV�
,QF�

��������������30 /81&+ 0DJQROLD
5RRP

������������30 %5($.287�6(66,216 -DFN�(LVHQKDXHU��(QHUJHWLFV� $VVLJQHG
�LQFOXGHV�LQ�URRP�EUHDNV� ,QF� 0HHWLQJ

5RRPV

������������30 ',11(5 /DNHYLHZ�,



7LPH $FWLYLW\ 2UJDQL]HU /RFDWLRQ
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)ULGD\��$SULO���

������������$0C &217,1(17$/�%5($.)$67 %DOOURRP

������������$0 5HYLHZ�DQG�,QVWUXFWLRQV -DFN�(LVHQKDXHU��(QHUJHWLFV� %DOOURRP
,QF�

�������������$0 %5($.287�6(66,216 -DFN�(LVHQKDXHU��(QHUJHWLFV� $VVLJQHG
,QF� 0HHWLQJ

5RRPV

��������������30 6800$5<�6(66,21� 7KHR�-RKQVRQ��'2( %DOOURRP

�������������30 /81&+ 0DJQROLD
5RRP

������������30 6800$5<�6(66,21 7KHR�-RKQVRQ��'2( %DOOURRP
�FRQWG���
&/26,1*�5(0$5.6

�����30 $'-2851
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$SSHQGL[�&

)<������5HVHDUFK�3ULRULWLHV
3URGXFWLRQ�(IILFLHQF\

5HVHDUFK�SURSRVDOV�DUH�VRXJKW�IRU�WHFKQRORJLHV�ZLWK�WKH�SRWHQWLDO�WR�LPSURYH�WKH�SURGXFWLRQ
HIILFLHQF\�RI�JODVV�PDQXIDFWXULQJ��LQFOXGLQJ�LPSURYHG�PDQXIDFWXULQJ�SURFHVVHV�DQG�QHZ
WHFKQLTXHV�WKDW�PD[LPL]H�JODVV�VWUHQJWK�DQG�TXDOLW\���6SHFLILFDOO\��LQ�RUGHU�RI�GHFUHDVLQJ
SULRULW\��UHVHDUFK�LV�QHHGHG�WR�GHYHORS������FRQWUROV�IRU�SURFHVV�RSWLPL]DWLRQ����$��FRQWDFW�DQG
QRQ�FRQWDFW�VHQVRUV��DQG���%��SURFHVV�VLPXODWLRQ���$�DQG��%�DUH�RI�HTXDO�SULRULW\��

��� &RQWUROV�IRU�3URFHVV�2SWLPL]DWLRQ���$GYDQFHG�FRQWUROV�FDQ�LPSURYH�SURGXFWLRQ
HIILFLHQF\�WKURXJK�RSWLPL]DWLRQ�RI�FULWLFDO�SURFHVV�YDULDEOHV�DQG�FRQWURO�RI�GHVLUHG�JODVV
SURSHUWLHV���6SHFLILFDOO\���UHVHDUFK�LV�QHHGHG�WR�GHYHORS�FRQWUROV�ZKLFK�LQWHJUDWH�
PXOWLSOH�LQSXW�YDULDEOHV�ZLWK�WKH�REMHFWLYH�RI�UHGXFLQJ�HQHUJ\�FRQVXPSWLRQ�GXULQJ
JODVV�PHOWLQJ�DQG�LPSURYLQJ�JODVV�TXDOLW\���5HVHDUFK�LV�DOVR�QHHGHG�WR�GHYHORS�FRQWUROV
WKDW�FDQ�EH�LPSOHPHQWHG�GXULQJ�WKH�IDEULFDWLRQ�SURFHVV�WR�LPSDUW�GHVLUHG�SURSHUWLHV�WR
WKH�ILQDO�SURGXFW�

��$� &RQWDFW�DQG�1RQ�&RQWDFW�6HQVRUV���5HVHDUFK�LV�QHHGHG�WR�GHYHORS�FRQWDFW�DQG�QRQ�
FRQWDFW�VHQVRUV�IRU�YDULRXV�SDUDPHWHUV�WKDW�DUH�FULWLFDO�WR�WKH�RSHUDWLQJ�HIILFLHQF\�RI�WKH
JODVVPDNLQJ�SURFHVV�DV�ZHOO�DV�WKH�TXDOLW\�RI�WKH�JODVV�SURGXFW���$UHDV�RI�SDUWLFXODU
LQWHUHVW�DUH�VHQVRUV�WKDW�ZLOO�SURYLGH�LQSXW�RQ��JODVV�SK\VLFDO�SURSHUWLHV��KHDW�IOX[�
SURGXFWV�RI�IXHO�FRPEXVWLRQ��FDUERQ�R[LGHV��VXOIXU�R[LGHV��QLWURJHQ�R[LGHV��SDUWLFXODWHV�
HWF����IXUQDFH�UHIUDFWRU\�WKLFNQHVV�DQG�WHPSHUDWXUH��RQ�OLQH�VWUHVV�PHDVXUHPHQWV��DQG
VHH�WKURXJK�GLVWRUWLRQ�DVVHVVPHQW��IDEULFDWHG�JODVV�VKDSH�

��%� 3URFHVV�6LPXODWLRQ���5HVHDUFK�LV�VRXJKW�WR�GHYHORS�PRGHOV�WKDW�VLPXODWH�DFWXDO
RSHUDWLRQ�RI�JODVV�PDQXIDFWXULQJ�SURFHVVHV���7KHVH�PRGHOV�FDQ�SURYLGH�D�FRVW�HIIHFWLYH
PHDQV�IRU�SUHOLPLQDU\�WHVWLQJ�RI�QHZ�LGHDV�DQG�SURFHVV�PRGLILFDWLRQV�ZLWKRXW�KLJK
H[SHQGLWXUHV�IRU�FDSLWDO�RU�ODERU���$UHDV�RI�LQWHUHVW�LQFOXGH�FRPSXWHU�DQG�RU�SK\VLFDO
PRGHOLQJ�RI�JODVV�PHOWLQJ��IXHO�FRPEXVWLRQ�SURFHVVHV��FRXSOHG�JODVV�PHOW�DQG�IXHO
FRPEXVWLRQ���$OVR�RI�LQWHUHVW�LV�LPSURYHG�PRGHOLQJ�IRU�WKHUPDO�TXHQFK�SURFHVVHV�
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(QHUJ\�(IILFLHQF\

5HVHDUFK�SURSRVDOV�DUH�VRXJKW�IRU�WHFKQRORJLHV�ZLWK�WKH�SRWHQWLDO�WR�UHGXFH�IXHO�XVH�DQG�ORZHU
HQHUJ\�FRVWV�LQ�JODVV�PDQXIDFWXULQJ���2I�SDUWLFXODU�LQWHUHVW�DUH�WHFKQRORJLHV�UHODWHG�WR
LPSURYLQJ�HQHUJ\�HIILFLHQF\�LQ�JODVV�PHOWLQJ�DQG�UHILQLQJ��WKH�PRVW�HQHUJ\�LQWHQVLYH�SRUWLRQ�RI
WKH�JODVVPDNLQJ�SURFHVV���6SHFLILFDOO\��LQ�RUGHU�RI�GHFUHDVLQJ�SULRULW\���UHVHDUFK�LV�QHHGHG�WR
GHYHORS�����D�JODVV�IXUQDFH�ZLWK�ORZHU�SURGXFWLRQ�FRVWV�������WHFKQRORJLHV�IRU�LQ�VLWX�WHVWLQJ�RI
IXUQDFH�UHIUDFWRULHV������FKDUDFWHUL]DWLRQ�RI�IODPHV�IURP�GLIIHUHQW�EXUQHU�FRQILJXUDWLRQV��DQG����
SK\VLFDO�PHDVXUHPHQW�RI�WHPSHUDWXUHV�LQ�JODVV�IXUQDFHV�

��� *ODVV�)XUQDFH�ZLWK�/RZHU�1HW�3URGXFWLRQ�&RVWV���$�FRQVLGHUDEOH�VKDUH�RI�SURGXFWLRQ
FRVWV�LQ�JODVVPDNLQJ�RULJLQDWHV�LQ�WKH�VHYHUH�HQYLURQPHQW�RI�WKH�JODVV�UHILQLQJ�PHOWLQJ
IXUQDFH��H�J���HQHUJ\�XVH��UHIUDFWRULHV��SROOXWLRQ�DEDWHPHQW��PDLQWHQDQFH����5HVHDUFK�LV
QHHGHG�WR�VLJQLILFDQWO\�ORZHU�WKHVH�IXUQDFH�PDQXIDFWXULQJ�FRVWV��ZLWK�D�WDUJHW�FRVW
UHGXFWLRQ�RI����SHUFHQW�RYHU�W\SLFDO�FRVWV���7KLV�SURMHFW�ZLOO�KDYH�WR�LQFOXGH�D�JODVV
PDQXIDFWXUHU�WR�SURYLGH�WKH�IDFLOLW\�WR�HYDOXDWH�WKH�QHZ�WHFKQRORJ\�GHYHORSHG����7KH
'2(�2,7�*ODVV�7HDP�ZLOO�KHOS�WR�VHOHFW�DQG�SURYLGH�WKLV�PDQXIDFWXUHU����,Q�JHQHUDO��WKH
HPSKDVLV�RI�WKH�UHVHDUFK�VKRXOG�EH�RQ�WHFKQRORJLHV�WKDW�LPSURYH�WKH�HQHUJ\�HIILFLHQF\
RI�WKH�IXUQDFH���$�PDMRU�IDFWRU�LQ�HQHUJ\�HIILFLHQF\�LV�WKH�WUDQVIHU�RI�HQHUJ\�IURP�WKH�IXHO
WR�WKH�JODVV���$V�DQRWKHU�PHDQV�RI�ORZHULQJ�PDQXIDFWXULQJ�FRVWV��UHVHDUFK�FRXOG�EH
SURSRVHG�LQ�JODVV�EDWFK�UDZ�PDWHULDOV��LQFOXGLQJ�WKH�LQYHVWLJDWLRQ�RI�SUH�SURFHVVHG
PDWHULDOV��FKHPLFDO�RU�SK\VLFDO����,QQRYDWLYH�IXUQDFH�GHVLJQ�FKDQJHV�FRXOG�LQFOXGHG
PHWKRGV�WR�HQKDQFH�SXOO�UDWHV��KHDW�WUDQVIHU��IXUQDFH�OLIH��DQG�JODVV�TXDOLW\
LPSURYHPHQWV���2QH�DUHD�RI�SDUWLFXODU�LQWHUHVW�LQFOXGHV�WKH�GHYHORSPHQW�RI�D�FRVW�
HIIHFWLYH�FURZQ�WKDW�FDQ�ZLWKVWDQG�WKH�R[\�IXHO�FRPEXVWLRQ�HQYLURQPHQW��ZLWKRXW
LPSDFWLQJ�JODVV�TXDOLW\���1HZ�IXUQDFH�LQVWUXPHQWDWLRQ�DQG�FRQWURO�SKLORVRSKLHV�FRXOG
EH�GHYHORSHG���)LQDOO\��DQ�HQKDQFHG�ZDVWH�KHDW�UHFRYHU\�V\VWHP�VKRXOG�EH�SURSRVHG��
7KH�IXUQDFH�RI�WKH�IXWXUH�QHHGV�WR�KDYH�ORZHU�FDSLWDO�FRVWV�DQG�PD\�EH�VPDOOHU�LQ�VL]H�

��� 7HFKQRORJLHV�IRU�,Q�6LWX�7HVWLQJ�RI�)XUQDFH�5HIUDFWRULHV���7KLV�SURMHFW�ZLOO�XVH
UHIUDFWRULHV�DQG�VDPSOH�KROGHUV�SURYLGHG�E\�UHIUDFWRU\�FRPSDQLHV���8�6��JODVV
FRPSDQLHV�ZLOO�LQVHUW�WKHVH�UHIUDFWRU\�VDPSOHV�LQ�WKHLU�SURGXFWLRQ�IXUQDFHV���$�VWDQGDUG
WHVW�PHWKRG�ZLOO�EH�GHYHORSHG�E\�WKH�SDUWLFLSDWLQJ�JODVV�FRPSDQLHV�DQG�UHIUDFWRU\
VXSSOLHUV���3URSRVDOV�DUH�UHTXHVWHG�IRU�HYDOXDWLQJ�WKH�UHIUDFWRU\�VDPSOHV�WR�GHWHUPLQH
WKH�FKHPLFDO�DQG�PLFURVWUXFWXUDO�DOWHUDWLRQV�GXULQJ�WKHLU�H[SRVXUH�LQ�WKH�JODVV�IXUQDFH��
3URSRVDOV�DUH�QHHGHG�IRU�PHWKRGV�WR�GHWHUPLQH�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH
GLIIHUHQW�JODVV�IXUQDFH�JDVHV���7KHVH�JDVHV�ZLOO�EH�GLIIHUHQW�IRU�R[\�JDV�IXUQDFHV�YHUVXV
DLU�JDV�IXUQDFHV�DQG�ZLOO�DOVR�EH�GLIIHUHQW�IRU�WKH�W\SH�RI�JODVV�EHLQJ�PHOWHG���7KH�SUREH
IRU�H[WUDFWLQJ�WKH�JDVHV�ZLOO�QHHG�WR�EH�ZDWHU�FRROHG�DQG�DEOH�WR�ILW�LQWR�D�IRXU�LQFK
GLDPHWHU�KROH��SHHS�KROH��

��� &RPEXVWLRQ�/DERUDWRU\�&KDUDFWHUL]DWLRQ�RI�)ODPHV�)URP�'LIIHUHQW�%XUQHU
&RQILJXUDWLRQV���7KH�FKDUDFWHULVWLFV�DQG�SURSHUWLHV�RI�WKH�EXUQHU�IODPH�LQ�WKH�JODVV
UHILQLQJ�PHOWLQJ�IXUQDFH�FDQ�KDYH�D�GLUHFW�LQIOXHQFH�RQ�WKH�HQHUJ\�HIILFLHQF\�RI�WKH
IXUQDFH�DV�ZHOO�DV�WKH�TXDOLW\�RI�WKH�JODVV�PHOW���&RPEXVWLRQ�ODERUDWRU\�UHVHDUFK�LV
VRXJKW�WR�FKDUDFWHUL]H�WKH�SURSHUWLHV�RI�IODPHV�IURP�GLIIHUHQW�EXUQHUV���7KH�ODERUDWRU\
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PXVW�KDYH�WKH�FDSDELOLW\�WR�YDU\�WKH�WHVW�FKDPEHU�VL]H��OHQJWK��KHLJKW��DQG�ZLGWK��VR�WKDW
LW�FDQ�DFFRPPRGDWH�PXOWLSOH�EXUQHU�FRQILJXUDWLRQV���7KH�DELOLW\�WR�VLPXODWH�ORDGLQJ�LV
DOVR�UHTXLUHG���3URSRVDOV�IRU�VHQVRUV�DQG�WHVWLQJ�HTXLSPHQW�DUH�EHLQJ�VROLFLWHG�WR�PDNH
VLPLODU�EXUQHU�HYDOXDWLRQV�LQ�RSHUDWLQJ�JODVV�IXUQDFHV�VR�WKDW�WKH�HIIHFW�RI�WKH�FURZQ�
JODVV�EDWK��RWKHU�EXUQHUV�DQG�WKH�H[KDXVW�V\VWHPV�FDQ�EH�HYDOXDWHG�

��� )XUQDFH�:KHUH�0DWKHPDWLFDO�*ODVV�%DWK�DQG�&RPEXVWLRQ�6SDFH�0RGHOV�&DQ�EH
9DOLGDWHG���7KH�DELOLW\�WR�RSWLPL]H�JODVV�IXUQDFH�GHVLJQ�DQG�RSHUDWLRQ�FDQ�EH
FRQVLGHUDEO\�HQKDQFHG�WKURXJK�WKH�XVH�RI�PDWKHPDWLFDO�PRGHOV�WKDW�VLPXODWH�FULWLFDO
HOHPHQWV�RI�WKH�JODVV�PDQXIDFWXULQJ�SURFHVV���7KHLU�XVHIXOQHVV�ZLOO�EH�LPSURYHG�ILW�KHLU
SUHGLFWHG�YDOXHV�FDQ�EH�FRQILUPHG�E\�SK\VLFDOO\�PHDVXUHG�YDOXHV���0RVW�JODVV�IXUQDFHV
KDYH�D�OLPLWHG�QXPEHU�RI�WKHUPRFRXSOHV�ORFDWHG�LQ�WKH�FURZQ�DQG�ERWWRP�RI�WKH
IXUQDFH���7KH�WHPSHUDWXUH�RI�WKH�JODVV�EDWK�DW�GLIIHUHQW�GHSWKV�LV�QRW�NQRZQ��
6SHFLILFDOO\��UHVHDUFK�LV�QHHGHG�WR�GHYHORS�WHFKQLTXHV�IRU�WKH�SK\VLFDO�PHDVXUHPHQWV�RI
WHPSHUDWXUHV�LQ�WKH�JODVV�IXUQDFH��WKH�WHPSHUDWXUHV�LQ�WKH�JODVV�EDWK�DW�GLIIHUHQW�GHSWKV
DQG�ORFDWLRQV��WKH�WHPSHUDWXUH�DQG�IORZ�RI�WKH�JDVHV�DW�GLIIHUHQW�ORFDWLRQV�LQ�WKH�IXUQDFH
FRPEXVWLRQ�VSDFH��WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKHVH�VDPH�JDVHV��YRODWLOH�FRPSRQHQWV
IURP�WKH�JODVV�EDWK�DQG�WKH�SURGXFWV�RI�FRPEXVWLRQ���DQG�DQ\�RWKHU�SURSHUWLHV�QHHGHG
WR�YDOLGDWH�PDWKHPDWLFDO�PRGHOV�IRU�WKH�FRPEXVWLRQ�VSDFH�DQG�WKH�JODVV�EDWK����7KH
'2(�2,7�*ODVV�7HDP�ZLOO�DVVLVW�LQ�VHOHFWLQJ�DQG�SURYLGLQJ�D�JODVV�IXUQDFH���

,QQRYDWLYH�8VHV�IRU�*ODVV

5HVHDUFK�SURSRVDOV�DUH�VRXJKW�IRU�WHFKQRORJLHV�WKDW�ZLOO�FUHDWH�QHZ�DSSOLFDWLRQV�IRU�JODVV�DQG
HQKDQFH�WKH�XVH�RI�H[LVWLQJ�JODVV�PDWHULDOV���$V�QHZ�PDUNHWV�DOPRVW�DOZD\V�UHTXLUH�QHZ
WHFKQRORJ\��ZH�DUH�VHHNLQJ��UHVHDUFK�WR�GHYHORS�����LQQRYDWLYH�JODVV�FRPSRVLWLRQV�WR�HQKDQFH
SHUIRUPDQFH������LQQRYDWLYH�JODVV�SURFHVVHV�WR�SURGXFH�WKHVH�QHZ�SURGXFWV������QHZ�PDWHULDO
GHVLJQ�PRGHOV�WR�LPSURYH�SURSHUWLHV��DQG�����PLVFHOODQHRXV�WHFKQRORJLHV�WR�VXSSRUW�QHZ�JODVV
DSSOLFDWLRQV���7KHVH�IRXU�DUHDV�DUH�OLVWHG�LQ�URXJKO\�GHVFHQGLQJ�SULRULW\���7KH�SURSRVHG�UHVHDUFK
VKRXOG�EH�XQLTXH��FRVW�HIIHFWLYH��DQG�SUDFWLFDO���7KH�ODWWHU�FULWHULD�ZRXOG�EH�PRUH�LPSRUWDQW�IRU
IXQGLQJ�GHFLVLRQV�

��� ,QQRYDWLYH�*ODVV�&RPSRVLWLRQV�WR�(QKDQFH�3HUIRUPDQFH���5HVHDUFK�LV�QHHGHG�WR
GHYHORS�JODVV�FRPSRVLWLRQV�WKDW�ZLOO�HQKDQFH�SHUIRUPDQFH�SURSHUWLHV�IRU�YDULRXV
DSSOLFDWLRQV��LQFOXGLQJ��ILEHU�UHLQIRUFHG�FRPSRVLWHV��QHZ�DFRXVWLFDO�PDWHULDOV��QHZ
WKHUPDO�LQVXODWLRQV��DUFKLWHFWXUDO�SURGXFWV��VRODU�FROOHFWRUV�DQG�RWKHU�VRODU�DSSOLFDWLRQV�
RSWLFDO�FLUFXLW�FRPSRQHQWV��DQG�IODW�SDQHO�GLVSOD\V���%RWK�FRQYHQWLRQDO�PHOW�DQG�RWKHU
WHFKQLTXHV�ZLOO�EH�FRQVLGHUHG���3URSHUWLHV�WKDW�DUH�FRQVLGHUHG�SHUIRUPDQFH�HQKDQFLQJ
PLJKW�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR���ORZ�FRVW��WKHUPDO�FRPSDWLELOLW\��LQFUHDVHG
PHFKDQLFDO�VWUHQJWK��VKRFN�UHVLVWDQFH��PHFKDQLFDO�RU�WKHUPDO���PDWHULDOV�FRPSDWLELOLW\�
RSWLFDO�SHUIRUPDQFH��OHVV�ZHLJKW��DQG�FRPSRVLWLRQV�WKDW�UHTXLUH�OHVV�HQHUJ\�WR�SURGXFH�

��� ,QQRYDWLYH�*ODVV�3URFHVVHV���5HVHDUFK�LV�QHHGHG�WR�GHYHORS�LQQRYDWLYH�JODVV�SURFHVV
WHFKQRORJ\�IRU�YDULRXV�DSSOLFDWLRQV��LQFOXGLQJ���ILEHU�UHLQIRUFHG�FRPSRVLWHV��QHZ
DFRXVWLFDO�PDWHULDOV��QHZ�WKHUPDO�LQVXODWLRQV��DUFKLWHFWXUDO�SURGXFWV��VRODU�FROOHFWRUV
DQG�RWKHU�VRODU�DSSOLFDWLRQV��RSWLFDO�FLUFXLW�FRPSRQHQWV��DQG�IODW�SDQHO�GLVSOD\V��
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&RQYHQWLRQDO�DQG�QRQ�PHOW�V\QWKHVLV�WHFKQLTXHV�IRU�DHURJHOV��IRDPV��DQG�RWKHU
WHFKQLTXHV�ZLOO�EH�FRQVLGHUHG���7HFKQLTXHV�PLJKW��LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR���VRO
JHO��FKHPLFDO�V\QWKHVLV��FKHPLFDO�YDSRU�GHSRVLWLRQ��VSXWWHULQJ��VXUIDFH�PRGLILFDWLRQV�WR
HQKDQFH�SURFHVVLQJ��PHFKDQLFDO��FKHPLFDO��RU�RSWLFDO�SHUIRUPDQFH��WHFKQLTXHV�WR�ORZHU
FRVWV���WHFKQLTXHV�WR�DGG�PHFKDQLFDO�VWUHQJWK�WR�JODVV�SDUWV��DQG�WHFKQLTXHV�WR�LPSURYH
HQHUJ\�HIILFLHQF\�RU�WKH�ILQDO�SURGXFW�

��� 1HZ�0DWHULDO�'HVLJQ�0RGHOV�WR�,PSURYH�3URSHUWLHV���5HVHDUFK�LV�QHHGHG�WR�GHYHORS
QHZ�PDWHULDO�GHVLJQ�PRGHOV�WR�LPSURYH�WKH�PHFKDQLFDO��WKHUPDO��RU�DFRXVWLFDO
SHUIRUPDQFH�RI�JODVV��DQG�WR�LPSURYH�WKH�GHVLJQ�RI�FRPSRVLWH�SDUWV��RU�JODVV�VWUXFWXUHV��
6SHFLILFDOO\��PDWHULDO�GHVLJQ�PRGHOV�DUH�VRXJKW�WR�LPSURYH�PDWHULDO�SURSHUWLHV�LQ�WKH
IROORZLQJ�DSSOLFDWLRQV���ILEHU�UHLQIRUFHG�FRPSRVLWHV��QHZ�DFRXVWLFDO�PDWHULDOV��QHZ
WKHUPDO�LQVXODWLRQV��DUFKLWHFWXUDO�SURGXFWV��VRODU�FROOHFWRUV�DQG�RWKHU�VRODU�DSSOLFDWLRQV�
RSWLFDO�FLUFXLW�FRPSRQHQWV��DQG�IODW�SDQHO�GLVSOD\V�

��� 0LVFHOODQHRXV�7HFKQRORJLHV�WR�6XSSRUW�1HZ�*ODVV�$SSOLFDWLRQV���5HVHDUFK�LV�QHHGHG�WR
GHYHORS�VXSSRUWLQJ��WHFKQRORJLHV�WKDW�DUH�QHHGHG�WR�HQDEOH��QHZ�DQG�LQQRYDWLYH�XVHV�RI
JODVV�LQ�WKH�IROORZLQJ�SURGXFW�DUHDV��ILEHU�UHLQIRUFHG�FRPSRVLWHV��QHZ�DFRXVWLFDO
PDWHULDOV��QHZ�WKHUPDO�LQVXODWLRQV��DUFKLWHFWXUDO�SURGXFWV��VRODU�FROOHFWRUV�DQG�RWKHU
VRODU�DSSOLFDWLRQV��RSWLFDO�FLUFXLW�FRPSRQHQWV��DQG�IODW�SDQHO�GLVSOD\V���([DPSOHV�RI�VXFK
UHVHDUFK�PLJKW�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��FRPSRVLWH�UHSDLU�RU�TXDOLILFDWLRQ
WHFKQLTXHV��RSWLFDO�SRODUL]HUV��OLJKW�YDOYHV��DQG�VR�IRUWK�

(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ

5HVHDUFK�SURSRVDOV�DUH�VRXJKW�IRU�WHFKQRORJLHV�WKDW�ZLOO�LPSURYH�HQYLURQPHQWDO�SHUIRUPDQFH�
SURPRWH�ZDVWH�UHGXFWLRQ�DQG�UHXVH��DQG�LQFUHDVH�JODVV�UHF\FOLQJ���,Q�WKH�DUHD�RI�HQYLURQPHQWDO
SURWHFWLRQ��LQ�RUGHU�RI�GHFUHDVLQJ�SULRULW\��UHVHDUFK�LV�QHHGHG�WR�GHYHORS�����LPSURYHG�R[\�IXHO
ILULQJ�WHFKQRORJ\�WR�UHGXFH�DLU�HPLVVLRQV��DQG�����DOWHUQDWLYH�UDZ�PDWHULDOV��EDWFK�SUHSDUDWLRQ�
DQG�RU�IXUQDFH�GHVLJQV�ZLWK�ORZHU�SDUWLFXODWH�DQG�JDVHRXV�HPLVVLRQV���,Q�WKH�UHF\FOLQJ�DUHD��LQ
RUGHU�RI�GHFUHDVLQJ�SULRULW\��UHVHDUFK�LV�QHHGHG�WR�����LPSURYH�VRUWLQJ�DQG�SUHSDUDWLRQ�RI�SRVW�
FRQVXPHU�ZDVWHV��DQG�����GHYHORS�UHOLDEOH�RXWOHWV�IRU�XVHG�UHIUDFWRULHV�

(QYLURQPHQWDO�3URWHFWLRQ

��� ,PSURYHG�2[\�IXHO�)LULQJ�7HFKQRORJ\�WR�5HGXFH�$LU�(PLVVLRQV���7KH�XVH�RI�R[\�IXHO
ILULQJ�WHFKQRORJ\�LQ�JODVV�IXUQDFHV�FDQ�VLJQLILFDQWO\�UHGXFH�SROOXWDQW�DLU�HPLVVLRQV�DQG
SROOXWLRQ�DEDWHPHQW�FRVWV���7KH�XVH�RI�WKLV�WHFKQRORJ\�LV�QRW�ZLGHVSUHDG��KRZHYHU��GXH
WR�PDUJLQDO�HFRQRPLFV�DQG�SRVVLEOH�VLGH�HIIHFWV�RQ�IXUQDFH�UHIUDFWRULHV���/RZHULQJ�WKH
OE�KRXU�HPLVVLRQ�UDWH�FDQ�DOVR�FUHDWH�VLGH�HIIHFWV��LQFUHDVHG�RSDFLW\��KLJKHU
FRQFHQWUDWLRQ�LQ�ORZHU�YROXPH��ZKLFK�FDXVH�RWKHU�FRPSOLDQFH�SUREOHPV���5HVHDUFK�LV
QHHGHG�WR�GHYHORS�WHFKQRORJLHV�WKDW�ZLOO�DGGUHVV�WKHVH�SUREOHPV�DQG�LQFUHDVH�WKH��XVH
RI�R[\�IXHO�ILULQJ�LQ�WKH�LQGXVWU\���6SHFLILF�DUHDV�RI�LQWHUHVW�LQFOXGH��ORZHU�FRVW�R[\JHQ
JHQHUDWLQJ�WHFKQRORJ\��FRQWURO�RI�UHIUDFWRU\�FRUURVLRQ�UHVXOWLQJ�IURP�R[\�IXHO�ILULQJ��DQG
UHGXFWLRQ�LQ�VLGH�HIIHFWV�OHDGLQJ�WR�RWKHU�FRPSOLDQFH�SUREOHPV�
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��� $OWHUQDWLYH�5DZ�0DWHULDOV��%DWFK�3UHSDUDWLRQ��DQG�RU�)XUQDFH�'HVLJQV�:LWK�/RZHU
3DUWLFXODWH�DQG�*DVHRXV�(PLVVLRQV���5HVHDUFK�LV�QHHGHG�WR�GHYHORS�DOWHUQDWLYH�UDZ
PDWHULDOV��EDWFK�SUHSDUDWLRQ��EDWFK�SUHKHDWLQJ��DQG�RU�LPSURYHG�IXUQDFH�GHVLJQV�WKDW
ORZHU�SDUWLFXODWH�DQG�JDVHRXV�HPLVVLRQV��SDUWLFXODUO\�IRU�WKRVH�FDVHV�ZKHUH�R[\�IXHO
ILULQJ�LV�QRW�SUDFWLFDO���5HVHDUFK�PLJKW�LQFOXGH��EXW�LV�QRW�OLPLWHG�WR��FRPSXWHU�PRGHOLQJ
RI�IXUQDFH�GHVLJQV��LPSURYHG�SURFHVV�DQG�RU�IXUQDFH�GHVLJQ��EDWFK�FRQVROLGDWLRQ�E\
SHOOHWL]LQJ�RU�SUHKHDWLQJ�WR�ORZHU�HQHUJ\�UHTXLUHPHQWV��DQG�GHYHORSPHQW�RI�DOWHUQDWLYH
UDZ�PDWHULDOV�WKDW�UHGXFH�HPLVVLRQV�

5HF\FOLQJ

��� ,PSURYH�6RUWLQJ�DQG�3UHSDUDWLRQ�RI�3RVW�&RQVXPHU�:DVWHV���7KHUH�LV�D�QHHG�WR�GHYHORS
DQ�§XPEUHOOD¨�DSSURDFK�WR�LPSURYH�WKH�VRUWLQJ�DQG�SUHSDUDWLRQ�RI��SRVW�FRQVXPHU
ZDVWHV�RI�DOO�W\SHV���6XFK�DQ�DSSURDFK�ZLOO�EHQHILW�QRW�RQO\�WKH�JODVV�LQGXVWU\�EXW�RWKHU
LQGXVWULHV�LQYROYHG�LQ�UHF\FOLQJ��H�J���DOXPLQXP��LURQ�DQG�VWHHO��SDSHU�DQG�SODVWLFV���
,PSURYHG�SUHSDUDWLRQ�SURFHVVHV�IRU�SRVW�FRQVXPHU�JODVV�FRXOG�LQFUHDVH�WKH�DPRXQW�RI
FXOOHW��UHF\FOHG�JODVV��XVHG�WR�FUHDWH�DFFHSWDEOH�TXDOLW\�JODVV�SURGXFWV�DQG�LQFUHDVH�WKH
XVH�RI�UHF\FOHG�JODVV�LQ�JHQHUDO���)RU�WKH�JODVV�LQGXVWU\��UHVHDUFK�LV�VRXJKW�WR�DGGUHVV
WZR�NH\�DUHDV���FRPSOHWH�DXWRPDWLF�FRORU�VHSDUDWLRQ��DQG�UHPRYDO�RI�DOO�QRQ�JODVV
FRQWDPLQDQWV�

��� 'HYHORS�5HOLDEOH�2XWOHWV�IRU�8VHG�5HIUDFWRULHV���6RPH�RI�WKH�XVHG�UHIUDFWRULHV�IURP
JODVV�IXUQDFHV�DUH�FRQVLGHUHG�WR�EH�KD]DUGRXV��ZKLFK�PDNHV�GLVSRVDO�GLIILFXOW�DQG
FRVWO\���5HVHDUFK�LV�QHHGHG�WR�GHYHORS�QHZ�SURFHVVLQJ�WHFKQLTXHV�ZKLFK�DOORZ�WKH�UHXVH
RI�XVHG�UHIUDFWRULHV��WR�LQYHVWLJDWH�DOWHUQDWLYHV�WR�GLVSRVDO��DQG�WR�GHYHORS��QHZ�PDUNHWV
IRU�WKH�XVH�RI�WKHVH�UHIUDFWRULHV�
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INTRODUCTION

KEY CHALLENGES FACING THE INDUSTRY ARE:

INCREASED COMPETITIVE PRESSURES

FROM ALTERNATIVE MATERIALS

FROM EXTERNAL GLASS MANUFACTURERES

HIGH CAPITAL AND LABOR COSTS

ENVIRONMENTAL PRESSURES

MEMBERS OF THE PRODUCTION
EFFICIENCY SUBCOMMITTEE

NAME

KANWAL BHATIA
R. EUGENE DAVIS

CHRISTOPHER JIAN
DONALD FOSTER
EDWARD GALLAGHER
ROBERT GALLAGHER
PETER GERHARDINGER
MARV GRIDLEY
MIKE HARRIS
VINCENT HENRY

ORGANIZATION

FORD MOTOR CO.
THOMSON  CONSUMER
ELECTRONICS
OWENS-CORNING
LAWRENCE BERKELEY LAB.
U.S. DOE-CHICAGO
SANDIA NATIONAL LAB.
PILKINGTON-LOF
BALL-FOSTER
CORNING
FORD MOTOR CO.

Production Efficienc y

MEMBERS OF THE PRODUCTION
EFFICIENCY SUBCOMMITTEE

NAME ORGANIZATION

KWAKU KORAM FORD MOTOR CO.
JOHN MCCONNELL PPG INDUSTRIES
HARRY RUSSEL SCHULLER INT'L
FRED SCHAEFFER LIBBEY GLASS
DON SHAMP SCHULLER INT'L
CHARLES SORRELL OIT GLASS TEAM

*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���
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PRODUCTION EFFICIENCY OBJECTIVE

PRODUCE MORE QUALITY GLASS
PRODUCTS IN A TIMELY MANNER AT

LOWER COSTS, WITHOUT ADVERSELY
IMPACTING ENVIRONMENTAL

EMISSIONS.

BUSINESS OUTLOOK

NEW RESEARCH AND DEVELOPMENT 
PROGRAMS ARE ESSENTIAL TO BUSINESS 

GROWTH AND SURVIVAL

SIGNIFICANT PROGRESS TOWARDS BECOMING 
MORE COMPETITIVE AND IMPROVING OVERALL 

EFFICIENCIES MAY BY REALIZED THROUGH 
PRODUCTION EFFICIENCY IMPROVEMENTS

KEY OBJECTIVES

OPERATE WITH PRODUCTION COSTS AT LEAST 
20% BELOW 1995 LEVELS

DEVELOP AND IMPLEMENT NEW PRODUCTION
TECHNOLOGIES TO:

REDUCE PRODUCTION COSTS
IMPROVE PRODUCT QUALITY

REDUCE TIME TO MARKET OF GLASS
MANUFACTURING PROCESSES.

REDUCE PROCESS ENERGY USE FORM
PRESENT FACILITY LEVELS BY 50% TOWARDS

THEORETICAL ENERGY USE LIMITS.

RESEARCH OBJECTIVES

PRODUCTION EFFICIENCY
SUBCOMMITTEE HAS IDENTIFIED

FOCUS AREAS CRITICAL FOR
TECHNOLOGICAL IMPROVEMENTS IN

PRODUCTION EFFICIENCY

TECHNOLOGY AREAS FURTHER 
DIVIDED INTO:

PRE-COMPETITIVE
POST-COMPETITIVE

SUMMARY OF SUBCOMMITTEE ACTIVITIES

BASED ON DISCUSSIONS, RECOGNIZED THE
COMMON AREAS LEADING TO INCREASED

PRODUCTION EFFICIENCY

A SURVEY FROM CIRCULATED FOR FURTHER
IDENTIFICATION OF PRIORITIES

THIS LED TO DETERMINATION OF MORE
DETAILS DESIRED IN EACH OF THE 

RECOGNIZED AREA

MORE DISCUSSIONS NEEDED BEFORE PLANS
ARE FINALIZED

STATUS

HELD FOUR MEETINGS TO SET
PRIORITIES IN DEVELOPING DETAILED

RESEARCH PROTFOLIO

ADDITIONAL STAKEHOLDERS HAVE 
BEEN SOLICITED FROM DIFFERENT
SEGMENTS OF GLASS INDUSTRY

BUILDING A COALITION OF INDUSTRY,
ACADEMIA, AND GOVERNMENT

AGENCIES
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(1(5*<�()),&,(1&<�$1'
&216(59$7,21

DR. JAMES A. SHELL

Techneglas is a member of
Electronic Industries Association

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- OPTIMIZING ELECTRIC  BOOST TO REDUCE
TOTAL ENERGY CONSUMPTION

- IMPROVING FURNACE DESIGN AND OPERATION
TO MAXIMIZE COMBUSTION EFFICIENCY

- RECOVERING AND REUSING WASTE HEAT FROM
OXY-FUEL FURNACES

- PRODUCING OXYGEN MORE EFFICIENTLY FOR
OXY-FUEL FIRING

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- GLASS INDUSTRY USES THREE MAJOR TYPES
OF FURNACES
�SIEMAN’ S REGENERATIVE FURNACES
�DIRECT FIRED
�ALL ELECTRIC FURNACES

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- SIEMAN’S REGENERATIVE FURNACES  ( AIR / FUEL )
�END - FIRED
�SIDE - PORT
�ELECTRIC AND OXYGEN BOOST

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- DISADVANTAGES OF REGENERATIVE FURNACES
�HIGHER LEVELS OF NOx
� HIGHER CAPITAL COSTS DUE TO REGENERATORS

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- ADVANTAGES OF SIEMAN’S REGENERATIVE
FURNACES
�OPERATIONAL EXPERIENCE - SIEMAN’S

PATENT 1860
� LONG FURNACE LIFE

*ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS 3DJH���
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(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- ALL ELECTRIC FURNACES
�HIGH HEATING EFFICIENCY ( ELECTRODES

ARE IN GLASS )
�NO NOx AND PARTICULATE EMISSIONS
�HIGH COST OF ELECTRICAL ENERGY
�VERY SHORT FURNACE LIFETIME ( RAPID

LOSS OF REFRACTORIES )

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

O RESEARCH ACTIVITIES - OXY / FUEL FURNACES
» IMPROVED CROWN AND BREASTWALL

REFRACTORIES
» BETTER BURNERS
» EQUIPMENT FOR RECOVERING AND REUSING

WASTE HEAT
» PRODUCING OXYGEN MORE EFFICIENTLY

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- RESEARCH ACTIVITY - METHODS TO REDUCE NOx
�Oxygen Enriched Air Staging ( Minimizes NOx

Generation )
�Post Melter gas Reburn ( Destroys the NOx in the

Regenerators )
�Improving Furnace Design and Operation to Maximize

Combustion Efficiency

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

O DIRECT FIRED FURNACES ( OVER 90 ARE GAS /
OXY )

O ADVANTAGES OF GAS / OXY
» FUEL REDUCTION  ( 15 % TO 40 % )
» SUBSTANTIAL  NOx REDUCTION
» SUBSTANTIAL PARTICULATE REDUCTION
» CAPITOL COST REDUCTION

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- DIFFICULTIES WITH USING OXY / FUEL MELTING
�EXHAUST & FURNACE PRESSURE
�FURNACE GRADIENTS / OPERATION EXPERIENCE
�FOAM ON GLASS SURFACES

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- DIFFICULTIES WITH USING OXY / FUEL MELTING
�COMBUSTION ATMOSPHERE

– HIGHER CONCENTRATIONS - CO2, H2O, & ???
– NITROGEN IS NOT IN THERE

�REFRACTORIES
– CROWN CORROSION
– BREASTWALL CORROSION

3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS
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(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- ALL ELECTRIC FURNACES - RESEARCH NEEDS
�CHEAPER ELECTRICITY
�IMPROVED ELECTRICAL SYSTEMS

– BETTER ELECTRODE MATERIALS
– TEMPERATURE SENSORS FOR VULNERABLE

AREAS
– BETTER REFRACTORIES
– ADVANCE CONTROL SYSTEMS
– IMPROVED MELTER DESIGNS

MODELING TO DETERMINE OPTIMUM ELECTRODE
LOCATION

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- HIGHEST PRIORITY RESEARCH PROJECTS
� REFRACTORIES FOR CROWNS & BREASTWALLS
� MODELING  - PHYSICAL VALIDATION OF

MATHEMATICAL MODELS

(1(5*<�()),&,(1&<�$1'
&216(59$7,21

- ROUND ROBIN REFRACTORY TESTING
� REFRACTORY COMPANIES WILL DONATE  ONE INCH

CORE SAMPLES
� GLASS COMPANIES WILL INSTALL 4 SAMPLES WITH

HOLDER IN GLASS    FURNACE OPENINGS.  VARIOUS
GLASS TYPES.

� INITIAL TESTS WILL BE FOR 30 DAYS.
� OAK RIDGE AND REFRACTORY COMPANIES WILL

EXAMINE THE SAMPLES.
– CHEMICAL REACTIONS
– CHANGE IN CRYSTALLINE STATE
– OTHERS
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(QYLURQPHQWDO�3URWHFWLRQ
DQG�5HF\FOLQJ

7HDP�0HPEHUV

X -HUU\�%DQQLVWHU��2ZHQV�%URFNZD\

X .HYLQ�)D\��33*�,QGXVWULHV

X 0LFKDHO�*UHHQPDQ��&DUU�/RZUH\

X 'XDQH�+DQVRQ��,GDKR�1DWªO�(QHUJ\�/DE

X )RVWHU�+DUGLQJ��6FKXOOHU

X -HII�/RZU\��7HFKQHJODV

X 7RQ\�5L]]R��/HQQR[�&U\VWDO

X 0HUULOO�6PLWK��8�6��'HSDUWPHQW�RI�(QHUJ\

$FWLYLW\�WR�'DWH

X 7HDP�IRUPHG�ODVW�VXPPHU

X &RQIHUHQFH�FDOOV�WR�EUDLQVWRUP�QHHGV

X 6XPPDULHV�E\�JODVV�VHJPHQW

– )ODW��&RQWDLQHU��)LEHU�*ODVV��6SHFLDOW\

X:RUNVKRS�DW�&ROXPEXV�LQ�2FWREHU

X 5	'�SURMHFW�QHHGV�XSGDWHG�LQ�-DQXDU\

X 5HSRUW�JLYHQ�DW�)HEUXDU\�ZRUNVKRS

(QYLURQPHQWDO�3URWHFWLRQ
+LJKHVW�3ULRULW\�1HHG

X §'HYHORS�LPSURYHG�R[\�IXHO�ILULQJ
WHFKQRORJ\�WR�UHGXFH�DLU�HPLVVLRQV¨
�IRFXV�RQ�DYRLGLQJ�FUHDWLRQ�RI�HPLVVLRQV
YHUVXV�FOHDQLQJ�XS�DIWHUZDUG�

– ORZHU�FRVW�R[\JHQ�WHFKQRORJ\

– UHIUDFWRU\�FRUURVLRQ�FRQWURO

– HPLVVLRQ�FRQFHQWUDWLRQ�LVVXHV

(QYLURQPHQWDO�3URWHFWLRQ
0HGLXP�3ULRULW\�1HHG

X §'HYHORS�DOWHUQDWLYH�UDZ�PDWHULDOV�
EDWFK�SUHSDUDWLRQ��EDWFK�SUHKHDWLQJ
DQG�RU�LPSURYHG�IXUQDFH�GHVLJQV�WKDW
ORZHU�SDUWLFXODWH�DQG�JDVHRXV
HPLVVLRQV¨

– UHJXODWLRQV�EDVHG�XSRQ�WRWDO�HPLVVLRQV�SHU
WRQ�KRXU��QRW�RQ�FRQFHQWUDWLRQ

– FRPSXWHU�PRGHOLQJ�RI�IXUQDFH�GHVLJQV

(QYLURQPHQWDO�3URWHFWLRQ
/RZHU�3ULRULW\�1HHGV

X1HZ�DEDWHPHQW�WHFKQRORJLHV��ORZ�

X1HZ�PDQXIDFWXULQJ�SURFHVVHV�WKDW
JHQHUDWH�OHVV�VROLG�ZDVWH��ORZ�

X 5HXVH�ZDVWH�ZDWHU�DQG�VROLGV��ORZ�

X /RZHU�92&�HPLVVLRQV���)�*��ELQGHUV
�KLJK�IRU�RQH�VHJPHQW��ORZ�IRU�UHVW�
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5HF\FOLQJ�+LJKHVW�3ULRULW\
1HHG

X §,PSURYHPHQWV�LQ�VRUWLQJ�DQG
SUHSDUDWLRQ�RI�SRVW�FRQVXPHU�ZDVWHV¨

– $Q�RYHUDOO�§XPEUHOOD¨�DSSURDFK�LV
SUHIHUUHG�RYHU�DGGUHVVLQJ�QHHGV�RQ�DQ
LQGLYLGXDO�EDVLV���7KLV�ZRXOG�LPSDFW�DW
OHDVW���RI�WKH���,QGXVWULHV�RI�WKH�)XWXUH�LQ
'2(ªV�SURJUDP�

5HF\FOLQJ�+LJKHVW�3ULRULW\
1HHG��FRQW��

X 6SHFLILF�JODVV�LQGXVWU\�UHF\FOLQJ�QHHGV

– FRPSOHWH�DXWRPDWLF�FRORU�VHSDUDWLRQ

– UHPRYDO�RI�DOO�QRQ�JODVV�FRQWDPLQDQWV

– QHZ�FXOOHW�PDUNHWV���KLJKHU�YDOXH

5HF\FOLQJ�0HGLXP�3ULRULW\
1HHG

X 5HOLDEOH�RXWOHWV�IRU�XVHG�UHIUDFWRULHV

– GHYHORS�PRUH�PDUNHWV

– DVVXUH�KLJK�TXDOLW\�IURP�UHSURFHVVHG
PDWHULDOV
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([KLELW�'�����(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HF\FOLQJ�3UHVHQWDWLRQ��FRQW��



Glass Industry Needs New ProductsGlass Industry Needs New Products

XX Too many mature productsToo many mature products
XX Need higher margin product mixNeed higher margin product mix
XX Traditionally very little support for R&DTraditionally very little support for R&D
XX INNOVATIONINNOVATION needed! needed!

Innovative Uses for GlassInnovative Uses for Glass

XX Jon BauerJon Bauer
XX EdwardEdward Boulos Boulos

XX JacquelineJacqueline LaBarre LaBarre
XX TerryTerry Lusher Lusher
XX FredFred Millett Millett
XX FredFred Quan Quan

YY SchullerSchuller International International
YY Ford GlassFord Glass

YY Corning-Asahi VideoCorning-Asahi Video
YY Pilgrim GlassPilgrim Glass
YY Libby Owens FordLibby Owens Ford
YY Corning IncorporatedCorning Incorporated

DiagramDiagram  of Technology Roadmapof Technology Roadmap

Prioritization criteria
•  Industry impact
•  Time to market
•  Market size

•  Government
requirements

Subcommittee
output

Process
development

Product
development

Technology
development

Program list

Product

ProductDrivers:
• Customer benefits
• Application utility
• Social trends

Prioritization
• Profitability
• Market size
• Technical risk

No
Yes Does it make

sense?

Technology Roadmap EffortTechnology Roadmap Effort

XX Seek new applications for glassSeek new applications for glass
YYHigher technical contentHigher technical content

YYPositive impact on industryPositive impact on industry

XX How do we get there from here?How do we get there from here?
XX Opportunity to leverage TechnologyOpportunity to leverage Technology

YYGovernmentGovernment

YYNational laboratoriesNational laboratories

Organized Brainstorming ResultsOrganized Brainstorming Results

-- Materials RelatedMaterials Related
XX New CompositionsNew Compositions

YY Optical PropertiesOptical Properties

XX New CoatingsNew Coatings
XX Material InterfacesMaterial Interfaces

YY LeachingLeaching
YY DurabilityDurability

YY Controlled CrystallizationControlled Crystallization
YY StrengthStrength

YY Friction ReductionFriction Reduction
XX New or Improved PropertiesNew or Improved Properties

XX Laser Host MaterialLaser Host Material
XX Hybrid MaterialsHybrid Materials

XX Self-Healing/ Repairable MaterialsSelf-Healing/ Repairable Materials
XX Hi-Dielectric MaterialsHi-Dielectric Materials

XX MolecularMolecular Modelling Modelling Requirements Requirements
XX New Sources of Raw MaterialsNew Sources of Raw Materials

XX CompositesComposites

-- Transport RelatedTransport Related
XX Ground BasedGround Based

YY New IC EnginesNew IC Engines

YY Hybrid VehiclesHybrid Vehicles
YY Alternate FuelsAlternate Fuels

YY Light weightLight weight
YY Intelligent VehiclesIntelligent Vehicles

XX Marine BasedMarine Based
YY SubmarinesSubmarines

YY ShipsShips
XX Hi-Speed Transport - AircraftHi-Speed Transport - Aircraft

XX Space Applications (NASA)Space Applications (NASA)
XX Public TransportationPublic Transportation

YY FastFast
YY ConvenientConvenient

XX Street MarkingsStreet Markings

How Do We Predict the Future?How Do We Predict the Future?

XX Make reasonable assumptionMake reasonable assumption
XX Brainstorming session - industry inputBrainstorming session - industry input
XX Glass problems conference add-onGlass problems conference add-on

YYOctober 10, 1996, 30-40 participantsOctober 10, 1996, 30-40 participants

XX Formulated:Formulated:
YYDriving influencesDriving influences

YYProductsProducts

YYProcessesProcesses

3DJH��� *ODVV�7HFKQRORJ\�5RDGPDS�:RUNVKRS
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-- Process RelatedProcess Related
XX New Methods of Heating GlassNew Methods of Heating Glass
XX Near Net Shape ManufacturingNear Net Shape Manufacturing
XX Less Hydrocarbon Fuels AvailableLess Hydrocarbon Fuels Available

YY (( Other ways to make glass)Other ways to make glass)
XX OtherOther Furnance Furnance Applications Applications

YY (What other products can be(What other products can be
made in themade in the furnance furnance))

XX Faster, Hi-speed ProductionFaster, Hi-speed Production
-- Building RelatedBuilding Related
XX Future HousingFuture Housing

YY TransparencyTransparency
YY Energy SavingEnergy Saving

XX Architectural GlassArchitectural Glass
YY Artistic DesignsArtistic Designs

XX Light Delivery SystemLight Delivery System
XX IR Heat Delivery SystemsIR Heat Delivery Systems
XX Advanced Climatic ControlsAdvanced Climatic Controls

-- Social NeedsSocial Needs
XX Underwater CommunitiesUnderwater Communities
XX Waste RegenerationWaste Regeneration
XX Holograms, Entertainment NeedsHolograms, Entertainment Needs
XX Solar Power NeedsSolar Power Needs
XX Space Station-Space ConstructionSpace Station-Space Construction

-- Health & MedicalHealth & Medical
XX Medical Applications - Cures,Medical Applications - Cures,

Delivery, SensorsDelivery, Sensors
XX Prevention of DiseasePrevention of Disease
XX Self-Cleaning AbilitySelf-Cleaning Ability
XX Biodegradable GlassBiodegradable Glass
XX BioimplantsBioimplants

Organized Brainstorming Results (Organized Brainstorming Results (contcont.).)

-- MiscellaneousMiscellaneous
XX Sensor NeedsSensor Needs
XX CatalysisCatalysis

YY Reuse Incinerator AshReuse Incinerator Ash
YY Nuclear WasteNuclear Waste
YY Chemically HazardousChemically Hazardous

XX OptoOpto-electronic Devices-electronic Devices
YY MicrostructuresMicrostructures
YY InterconnectsInterconnects
YY Optical StorageOptical Storage

XX Micro-TaggingMicro-Tagging
XX New Industrial ApplicationsNew Industrial Applications

-- Chemical NeedsChemical Needs
XX Inert, dielectricInert, dielectric
XX Controlled SolubilityControlled Solubility
XX Controlled ReleaseControlled Release

Organized Brainstorming Results (Organized Brainstorming Results (contcont.).)

Product

Sun Power

Photovoltaic Car Roofs (see through)
Solar lenses and mirrors
Porous Substrates - Solar
Architectural photovoltaics

Structural

Glass Structural products
Furniture

Fiberglass reinforced Composite Materials
New Acoustical Materials
New Thermal Insulations
Glass Polymer Composites
Architectural Glass
Foam Glass Roofing
Fireproof Materials - Clothing
Self extinguishing fire materials
Fire Rated Glass
Roadbed Materials
Flooring materials
Premolded Kiosks
Privacy Glass
Lightweight Glass
Partitions - Marking Board

Cleanable

Electrical or electronic

Optical Security Devices
Opto-electronic Devices
CRT Displays
Flat Panel Displays
Labeling System Integrated in Container
New Laser Materials
Transparent Walls w/Integrated Displays
Electrochromic Switchable Glass

High Strength/Special Properties

Unbreakable Glass
Containers that Bounce
Self-Healing/Repairable Glass
Flexible Glass
Deformable glass
Metallic Glass - Hi-Strength
Glass Bearings

Biological/Medical

Large Sterilizable Services
Glass/Bone Implants (FRITS)

Miscellaneous

Controlled Porosity Glass
Filters
Hydrothermal Piping
Food Packaging/Preparation
Glass Applications in Clean-up/Recycling
Eyeglasses
Fashion - Jewelry
Foam Storage of Gases
Write-Resistance Surfaces
Permanent Glass Spray
Catalytic Substrate
Agri-glass Products (controlled release)

Process

Fabrication/Forming

Sense new parameters
New Forming Techniques
Defect control
NEw methods of heating glass
Flame chemistry

Alternative Fuel Sources
Reduction of CO 2 & ozone
Leaching
Ion Exchange

Virtual Processing
Advanced Chemical Synthesis

Sol-Gel
CVD

Controlled Atmosphere
Surface Modification
New Methods of Coating Glass
Using Glass for Coatings

Attachment

Joining Techniques
Glass Sealing Procedures

Analysis

Micro Analytical Technology
Computer Aided Design
Gowing Glass/Ceramic Structures
Phase Diagrams Visualization
Computer Design of Materials

Miscellaneous

Gases Separation
Liquid Separation
In-situ Vitrification
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